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DITRODUCIION 

In the early days of the war the demand .for high explosives ‘ 
invAved the u§e of quantities of strong sulphuric acili«art^ " oleum ” 
far in excess of the producing capacity of the country.* The Government 
hal’., consequently, to build plants to make sulphuric* aci^ by the 
contact process. The first to be erected were on the Mannheim system* 
from plans supplied by Messrs. Kynoch. Later, plants •designed by 
Mr. K. B. Quinan and his staff at Storey’s Gate, using the Grilto cqptsttt 
mass, were constructed, and in these plants the larges^ artiount of 
oleum was produced. • 

Tentelew plant was also operated by the Department of Explosives 
Supply in the Pembrey factory originally erected by Messrs. Nobel and 
subsequently taken over by the Government. The working costs and 
efficiencies of these processes are set forth in the Second Report of Costs 
and -Efficiencies for H.M. Factories Controlled by Factories Branch, 
Department of Explosives Supply, and see also Report of the Statistic*al 
Work of the Factories Branch. ^ 

The distinctive characteristic of the Mannheim process is that the 
conversion of the sulphur dioxide into the trioxide is brought about in 
two- stages by employing two catalysts: ferric oxide . and platinum. 
The use of ferric oxide diminishes the quantity of platinum required 
and thus reduces the capital cost of the plant. In the Grillo and * 
Tentelew processes only platinum is used as catalyst. * 

In the Marmheim and Tentelew plants the Jinefy divided platinum 
'Supported on asbestos in the form of mats or fibre, whereas in the 
iGnllo; Calcined magnesium sulphate in the form of coarse grains is used* 
as the carrier for the platinum. • • 

• * In all the processes it'is essential to purify thft gases thoroughly 

before letting them come in coirtact with the platinum, as certain bodies, 
even when present in minute quantities, such as arsenic, selenium 
fluorine and other halogens seriously impair, or* evert desTroy, the 
activity of the platinum, and the conversion of sulphur dioxide to 
trioxide will diminish or cease altogether. Should such " poisoning ” 
qccur the contact mass must be withdrawn and treated to remove thff 
poison, and then returned to the plant or else replaced by /resh Cbntact 
mass. . 

The purification of the gases is therefore, all-im^fjftant. ^Tlen 
sulj)hur is used as the raw material it rarely introduces arsenic itself, 
but nevertheless the contact mass may suffer from arsenic poisoning 
due tp arsenic picked up from the iron used* in the construction of the 
‘ plant, unless certain psecautions are observed. » » • 

• Iron pyrites was used in the Mannheim and Tentelew plants, and 
sulphur for reasftns^given later in the Grillo. 
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SECTION 1 


lANNHEIM OLEUM PLANT 

vreuwu ^uuumts luiu desoriptioii of plani—The Mannheim plant mo- 
duces oleum 'oy the absorption of sulphur trioxide in sulphuric atid, 
Vlic fiulphur, trioxide being made by the catalytic action first of iron 
oyide, and later of platinum contact mass on sulphur dioxide gas, 
prodviccid by the burning of pyrites containing about half its weight of 
sulphur in the form of iron sulphide. 

The Mannheim oleum plant comprises : — 

(a) Pyrites store; 

(b) Pyrites crusher plant; 

(c) Mannheim oleum plant proper, each double unit capable 
of producing about five tons of SO3 per 24 hours. At Queen’s 
Ferry eight of these double units are an’anged for the burning 
of lump pyrites. The remaining two double units are of the 
Herreschoff type for burning pyrites " fines.” Each unit has 
its own iron oxide conversion shafts, i)reheaters, and platinum 
contact shaft. Two of these single units work together (forming 
a double unit), with their necessary coolers, absorption towers; 
acid mist catchers, &c. There are in addition : — 

(d) Store and bins for burnt iron oxide ore; 

(e) Storage .tanks for the storing of oleum ; and an 

()') Oleum export building. 


Pyrites store ^ 

This is a steel frame structure 205 feet long x 85 feet wide, having 
a concrete floor. Three lines of 4 feet 8| inches gauge factory railway 
enter the building, and are supported on brick piers. 


‘ ^ Crusher plant 

. This consists of a crusher plant building, containing a 21 inch x 
10' inch Brodffoent patent improved Blakestone breaker, to break eight 
tons of iron pyrites per hour from 9 incli lumps to pass through 2^ inch 
rings, driven by a 20 h.p. motor, and one set of geared crushing rollers, 
8 inches diameter X 10 inches face, for pyrites fropi i inch ring to 
I inch, driven by a 20 h.p. motor. The crushed pyrites is conveyed 
by a belt conveyor to a screening hbuse, fitted with a revolving screen, 
or trommel, 3 feet diameter, 15 feet 8 inches long, > which sorts the 
crushed pyritej tinto 2^ inch, i inch' gnd^ | inch sizes. The tr^pimel 
is driven by a *20 h^n. motor. The thivj oifigKent sizes of seteened 
pyrites are' coirveyefl into ‘three sep'arate' bins, which are- fitted with 
nonneiSi" under whifth is a rfarrow eauee tfawk on which rufi bogies, 












DESCRIPTION OF PLANT 


•3 

These are weighed on a 30 cwte platform weighing machine, and from* 
thence the bogies can be run directly to the b^unjers in the Maimheim 
plant, • 

• • Description of oleum plaint 

The oleum plant proper is housed in a steel f rattle building all under 
one roof (Fig. i). The plant inside the building consist* of ten* double 
units or sections. Eight of these are for burning lump pyrites of an 
average size of 2 inch ring. The remaining two double units are each of 
the Tierreschoff type for burning pyrites " fines." Each single iinit is 
built in brickwork, firebrick lined, and the whole enclosed m S. mild 
steel casing of about ^ inch plate. ITiis casing enclose^the burners, oxide 
shafts, forewarmers and platinum contact shaft. Built against each 
casing at the back is a brickwork chamber enclosing the superheater, 
which is fired by a separate coke fire. 

^ drying toweis (Fig. 2 ). — As it is essential to avoid, as far as 
possible, moisture entering the system with the gases, the air 4or 
combustion of the pyrites is first dried in air-drying towers. Two air- 
diydng towers are jirovided for each two double units. Each air-drying 
tower consists of a lead box .supported by timber framework (inside 
dimensions, 4 feet x 6 feet x 15 feet high), lined with unjointed 
brickwork. A brick grid floor supports the coke filling. The atmospheric 
air is driven into the bottom of the tower by a No. 5 Sturtevant fan» 
driven by a 6 h.p. motor. Acid is circulated to the* top of the towers 
by centrifugal pumps delivering about six tons of acid per hour in each 
•tfower. The two towers are connected in series. The air after leaving 
tile sgcnnd or strong tower, is conveyed in a gas main, sAd thence, by 
distributing pipes, to the 24 burners of the two doiible units. , 

*Lump bumeis (Pig. 3). — Each single unit consists • of six burners 
(twe sets of three placed back*to back) of the usual type. Each burner 
has a grate area of 20 square feet, and is capable 0^ burning about half 
a ton of pyrites in 24 hours. The bed of the burner is formed *of square 
section grate bars which can be revolved by means of a key, so as to 
enable the burnt ore to be dropped into hoppers underneath. Every 
three burners, which are separated from one another by a low brick 
w'all, have a common flue which leads the gases into the base of the 
oxide conversion shaft. The burners are totally enclosed, the air dor 
combustion being supplied under a slight pressure from^he air-dr5dng 
towers by means of pipes leading under the grates. 

Oyde niifttfa ($g. 4).— Each double unit lias four oxide conversion 
shafts (one to each three burners). Each oxide shaft consists of a |quare 
oliamber with an inside sectional* area of 21 square feet. The lower 
10 feet is reserved for iron oxide packing? but is never filled more than 
7 fegt 6 inches lyuler upmial conditions. The uppe? 10 feet contains 
the ftipper for chargip|.freMi ifon oxide and fhe forewarmer pipes used* 
for heating regenerativ^y fhf gSees goin§f to the platinum converter 
shaft, *The iron oxid* flfllhg is supported on iron bars similaiJlio those 
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( in the pyrites burners. The burnt ore can be shaken out from time to 
time into hoppers ^which deliver the same into cellars below the 
floor 'level. 

* Oxide shaft cooleES ; (Figs. 3 and 4). — The gases from the two oxide 
shafts of olie 'anit, which have been partimly cooled in passing over 
the forewarmer pipes, enter the base of a cylindrical steel cooler 

3 feet '7 inches diameter, i6 feet 5 inches high, containing four circular 
baffle plates. The cylinder sits on a lead saucer and the gases passing 
up inside art cooled by water distributed from the top over the exterior 
surfece pf the cylinder. The gases from two of these preliminary 
coolihg towers (coming from the four oxide shafts of a double imit), 
unite, and pass through a third final cooler of the same type. 

Absorption towers (Figs. 3 and 4). — The gases leaving the oxide 
shaft coolers are conveyed by a 14 inch cast-iron gas main to two 
absorption towers working in series, for the purpose of absorbing, by 
means of sulphuric acid, the SO3 produced ip the oxide shaft. There 
are five absorption towers to each double unit; the functions of the 
remaining three towers will be explained later. Each absorption tower 
consists of a mild steel cylindrical shell, 5 feet diameter x 24 feet high, 
built up in sections jointed with asbestos rope, and lined with acid-proof 
bricks of about 8 inches x 6 inches x 3 inches thick, jointed in 
acid-proof cement. A cast-iron grid resting on angle pieces riveted 
' inside the shell, at a height of 2 feet 8 inches from the bottom, supports 
about 30 tons of quartz filling. Additional support to the cast-iron grid 
is provided by a centre pillar resting on the base of the tower. At the 
top of the tower is a cast-iron acid distributing plate. 

Puiiflcatioii system.— The gases of the double unit, after passing in “ 
'• series through two absorption towers, are pulled through a K5moch fan, 
driven by a 6 ‘h.p. motor. From the fan they are driven through a^ 
purification system, consisting, for each double unit, of four acid catchers 
and six filters (threp for each side of the acid catchers) (Figs. 3 and 4). 
The acid'catchers consist of steel boxes, 11 feet 6 inches x 6 feet 7 inches x 

4 feet I inch high, filled with graded quartz, supported on a .steel grid. The 
gases enter at the top, pass down through the filtering medium into the 
‘bottom grid past a baffle, and up again and out of the box. The four 
acid catchers are connected in parallel to both an incoming and outgoing 
gas main. From the acid catchers the gases pass in parallel through 
six filter boxes of similar construction, but packed with quartz on the 
grid, then slag sand with a covering of 3 inches of a mixture of 
asbestos fibre and lime. ^ 

, HMt-exohangar (Fig. 3). — The gases of a doqble unit, after leaving 
the ^rification system, , divide, onvj-half of the gas passing through 
the heat exchanger of one ufiit, and the other half passing through the 
heat exchanger 9f the other imit. The heat exchhngers are identical 
c in construction* with those at the Grillo j^anf, •which are described in 
detail in tha Grijlo plaht seotion. Tlje cold^gashs !low through the tubes 
pf thejetat exchanger, and ar# heated in ‘thpiFTpassage by the Jfot gasea 
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from the platinum ronversion sltaft, which circulate around the outside* 
of the tubes. • 

Forewarmer (Figs. 3 and 4).- The partially -heated gases are still • 
■ fiirliier heated iiy passing through a. scries of 13 horizoitl^Tl pmes, jointed 
(ogc'ther by double trends, each pijie being lo jijclies diameter and 
I.’ Icet 6 inches long, with a total outside heating .surface of 8(i'4.square 
feet, The hot gases j)assing up the oxide shaft circulate* afound the 
o^itside of these forewarmer jiipes. , • 

Superheater (Pigs. 3 and 4). — Tlie hot gases from tlu* forowarilier 
an^ finally furtlu'v luxated in a cokofired " siqKTheater ” li* an ojitSmum 
temperature for conversion in the platinum sliaft. •ICadi single unit 
has one siijierheater, consisting of six vertical pipes and headi'is, heated 
by a coke fire. Tlie onjtside heating surface of the pipes is about 
]f> S(|uare feet. The furnace is ol onlinary brick, with liiebrick lining, 

() feet K) inches / 13 feet 10 inches wide x 31 lecd 8 inelies liigli. 

Platinum contact shaft (Pig. 5).— I'he gases leaving the su])('rh('a.fer 
pass up Uirougli the platinum eonluet shaft (one for each single unit). 
The platinum contact shafts are made of easf-iron, luiilf iij) in seclioiis, 
one on top of the oilier, fo form tliree ovens, eaeli 12 inches deep /. 

I j('et 3 ine,h('s long :• .2 feel 3 inelies widi'. Inside each o\ ea is jdaeecl 
a east-iron frame, into whicli is fitted ten asbestos ])la.tinis(M.l mats 
separated by wire gauze, 'j'be east-iron frames aie conveniently ♦ 
ennstrucled for clainjiing the four edges of tlic' ntats together, the 
whole being clamped tightly with iron bolts. 1^-aeh oven is tilted with 
a east-iron door 30 inches long • 14 inches wide, for the jmrpose of 
X'lninging the mats when necessary. * 

, Pinal absorption (Pigs. 6).— Tlie gases, alter passing up through* 
•the ])latinnm contact shall, are heated by the cliemreal* reaction taking 
place, and some of this lioat isRisefully einjiloyi'd in the heat e.xelianger’ 
as mentioned before. Tliese gases from eaell donbli,' unit, after leaving 
their respective heal e.xehangers, join at a “'1” j,i(ve and ’pass up 
through a vertical cooler, so called “ platinnin ” cooler, similar in 
construction to the oxide shaft coolers previously iU*seribed. After 
leaving this cooler, the eases irom the double exit pass llirougli three 
allsorption towers in scries, These towers are jilaced alongside, and 
are similar in eonsTruetion to, the absorption towers described for the 
alworption of the St), convertc'd in the oxide shaft. iMom the lAst 
lower the gasi's jiass to a cliimnev e.xit into the atmosjihere. 

Oironlation sys^. Tor the purpose of circulating acid dow’n tlie 
fivi- absorption towers gf each double unit, tliere are pro\ided, on tfae 
g(jf'nnd floor, four mild steel acid rc'sc'rx'oirs b feet diameter inside X 
1 feet high, thrc« of which are water-jackt'tted and one without water 
jacliet. Four 1} infh centrifugal Kynoch acid pumps, driven in jiairs 
by 3;*h.p. motorS, ^r^’proVdfd for circulating the 'acid fiom the 
reservoirs to the top'of tlif five»,towers. *One Inilcl eel .feed tank, 
S^eet diameter by .5 f|et*hfgh, constrneted on a brick pier, at f>qe end 



6 


MANNHEIM PROCESS 


of each battery of absorption towers, of a (iouble unit, selves to provide 
leed acid by gravity to No. i reservoir. 

Drip acid.- A iiurnlxT of small tanks are jirovided for collecting 
drip acid from ♦he acid catchers, filters, coolers, fans, etc, Pohlc air 
lifts rais(; t*his add to a comnutn lead launder, which conveys the add 
by gravity to a storage' tank. 

Heneiohoff bnniers (Figs. 4 and 5).- In addition to tlu; eighi double 
unit.-i of hii".]) burners already described, then' aie two doubh' units 
of the bleri'i'sehoff typ<‘ for burning ])yrites " fiiu's,” These Herre- 
schol'is ai(' of the ordinary standard typ(', with livi' shelves. The 
“ fini's " ate letl t'-oni ho])pers o\erht'ad by means of worm feed, and are 
distribuft'd o\'ei the toji shelf by revolving arms littetl with teeth, 'rite 
teeth of th(' fust arms ate so tirranged tluit they jkiss tht; "fines’ to 
and over Hit' outer perijthery of the circultir siit'lf. On Hit' st'cond shell 
tilt; teeth draw the " lines " toward flit' centre, wh(;re they fall on to the 
third shelf, and so on u\er the ti\e shelvi's, the residues iinally falling 
into a hojipt'f below. 

'I'lit' vertical hollow iiir-cooled central shafts of tht' four llerreschoffs 
to which the distributing arms are attached, art' slt)wly rt)tatt;tl by 
gearetl attathment tt) a central line slitiff tlriven by a to h.p. mt)tt)r. 
Tlu eottling td the et'iitral shaft is brought id'tait by thi' ctdtl air fioni 
the air-flrying ttiwers, which jiasses dttwnward thrt)ugh the Jitdltnv shaft, 
and oiitwiirtl thrt>ugh small t)i)t'nings in tht' shaft tt) t;iich shelf. 

Eat:h t)f the loiir Herreschoffs takes tlirt;t' tons of pyrift's “ fines ’’ 
])t'r 24 htiurs. As the »Herrcschoifs tit) not heat the ga.sps sufficient'y 
lt)r good ctjnvt'rsittn in tht' oxitle shaft, a sintill lump burner is 
et)nstructed alongsitlt; each llcrresehoff, the ht)t gases from’ which, 
mixing in a ct)mmt.)n lint' with tht' comparatively cold gases of the 
llerrescht)ffs, bring the tempt'rature of tht; mixture up to an optimum 
conditit)!! ft)r oxide ct)n version. 

Inasmuch as then' :)re«two oxide shafts tt) each Iltirreschofl burner, 
there art^ two him]) burnt'rs to t;ach Herrest:ht)ff burner, i)lact'd back to 
back, of similar ct)nstructit)n ft) those, ])ri'vioiisly tlescribed, each burning 
hall a ton t)f luiiij) ])\’rites per 24 hours. 

Each flt)ubl(' unit Herreschol'f, with its two Ilerreschoff burners 
and ft)ur lump burners, has four t)\itlt' shalts, fi\ e abst)r])tit)n towers, 
similar coolers, acitl rest'r\’t)irs, pre-heaters, etc., as have alrt;atly been 
described for the double luinj) burner unit. 


Operation of the pi.ant 

Crushing pyrites. When the whole of the Mannheim plant is being 
operated, the two llerrt'scholV burners are tinly capable, of taking about 
half the " lines ” pj t)duct'd by the mechanical crushing phuit, which 
produces about' .^2 |)er('v.’ent. of “ fines ’’ (dejtehdiiig on the oreV It 
is found, th''refo,re, ('cbnomu'al to break tht ore by hand, which reduces 
the perc.“ri1agc ol "fines” tp about lo per cent 
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Weighed charges of the ore^re trucked in bogit^s to the Mannlieim* 
burners, lump ore via an i8 inch gauge track on yie floor level to the 
lump burners, and “ fin(;s via an ('Icetric hoist and overhead iS inch 
gaug(' track to the lu)j)pers of the 1 lerreschoffs. Each bogie holds 
15 cwt. of ore.* It is approved practice I0 accumulate %tocks of pyrites 
convenient to each set of burners, for tlie purpostj pf enabling the ore 
to gel thoroughly dry before being burnt. 

fthn-rg in g the burners. The burners ar(' <diarge<l by irujans of .. 
Idlig-handle shovel cwt. is the cliargc) in tlie follovfing rotation 
for (lach .single unit : — • • 


lHurin*r jsJo. 


I 

5 

• 2 

4 

() 


Hour of Charuiiin Uiiil*. 


2 iind 8 
-1 illld TO 
f) a.iu] 12 
.i and t) 

5 and 11 
1 and 7 


i lout of 1 ho])pin{; tiinit. | 

Hour ol u.sin^' Pricking Mar. 

7 lllitl 7 1 

1, 5, 7, iind 11 

() and t) 

7, (), and i 

5 Jind s 

5, (1, 11, and 4 

2 and z 

2, (>, 7, and 13 • 

4 an<l 4 

4, iS, 10, and 2 

12 :ind 12 

ij, 4, (), and JO 


The hod of flu; ore in the lump burners is nbout () inches 
10 indues (h'ep, spread evenly ovov 1h(‘ surface, and rests on tlie square 
,£;i*atc bars previously (U^scribed. , 

Any (lust in the ore lieing duirgcd is distributed as iiiiidi as 
possible' around the side of the bunuT; this assists in (A’ercpminj^ the 
tendency of air eiitcrinfi th<^ buriuT to creep u]) the sides. Care must 
^ hi taj^eii to see tliat llu‘ front of the liiirner is can'fiilly (dfarged hrst. 

rV of the pyickiuii bar One* hour btd’on* and thive liours after ^ 
»('a.cti charging, th<^ ivv is sliced by means of a ] nicking J>ar-* a long rod 
having a single ])roiig 7 inchej long at tlu‘ (nid. The prong is buried 
in the lire just inside the small raking dogr, and pushed slovN'ly and 
steadily rigid I0 tin' back of 1h(‘ tin*, riu' lire is sHced oik'i^ »long the 
]>artitioii w^all, once in froid of the raking door, and onc(‘ towards the 
(■(‘litre of tlu' tin^ through botli raking doors, thus making six slicings 
for one burm-r. 'riiis proredun* cuts through any skin of slag, and so 
k(‘(*j)s the lire open. 

Drop pi nf^ burnt err.— The burnt ore is withdrawn through Uie 
grate bars by turning tli(*iti first in (»ne diri'etion and then in anotlmr, 
tliroiigh about ,'.dli of a whole turn. A bar is rnissc-d every lime in 
going from one side of the furnace to tlie other, the missed bar being 
dealt with on returning. This ensurc's tliaT only the lowf'r laycT is 
withdrawn. Too mnclp (’are cannot be tak(m in dro])])iiig*, olheT\\4s(‘ 
iwibiirnt ore will (‘scajie, with the*('oiis(Hyieii^ loss oi sulphur, as W(.‘ll 
as reducing theMe^ith of tlu' ii(‘w chargi^ in the burner, reducing the 
resfetance, and up^eltingfoiKjiticnis which are essenlml U) proper working. 

Operation ol Heirmhefl hirnei's.i 'nu’ pyj-it('s fines (issuing from 
t^e oveFhead (‘liarginj^thQppcr ar(!*fe(l loathe top shelf of tho burner 
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,by an intermittent, worm, capable of. regulation. When the feed of 
the ore is ])roperi); adjusted, the colour of the burning ore on the 
shelvfe should be — top shelf, no fire, dull appearance; second shelf 
presents a distinctly red appearance ; third shelf or hot shelf, is bright 
rod with flames,? fourth shelf should have a visible glow at night;* the 
fifth, or bottom sljelf, should ap])ear quite d(!ad and black. The 
Herreschwff^himp burtu'rs are hand-fed, and operated similarly to those 
^already do, scribed. 

"Air dryios towers.— -The air ])assing in series through the two drying 
tow^s is thoroiiglily dri(!(l by sulphuric acid of 75 to 80 per cent, 
strength flowing down the first tc»wer, and acid of 95 per cent, strength 
down th(; seconct, or tiinil, drying tower. There an; two lead-lined 
timber reserxoirs of about eight tons capacity, one for each tower, the 
acid being ele\at(!d to tlie top of the; tower from the circulating 
re.s(;rvoirs by two ij inch centrifugal Kynoch* pumps, driven from one 
common shaft by a 4 h.j). mott)r. Eacli pump is regulated to elevate 
about six tons of acid per hour. TIk; fan driving the air through the 
drying towers lias its (capacity controlled by a damp(;r in the .suction 
])ipe, in ordiir to regulati; the pressure of air in the burners. 

Oxide shaft.' It is essential in filling thi' oxide shaft to have iron 
oxidp ore w'hic'h has been screened to free it of all undersized ore below 
I4 inches, it should be dry, and prefiirably fresh and warm from the 
.burners, also well burnt. The deqUh of ore is adjusted to about 7 feet 
6 inches, to give' the liest re.sistance in the shaft. Two inches of ore are 
dropped q/it every morning, and two inches of fn'sh ore charged in at 
the top, ' 

Superheatw. — The coke lin; in the superheater must be regKlat( 5 d 1 
,so that the temperatun' of the gases to be heated is raised to about 
470" C. Alter the«plati]mm mats have been in use for some timet it • 
is necessary to raise this ti*m])erature to ,480'^ C. or 490“ C., to correct 
the poisoning actions of arsenical compounds which arc liable to escape 
in the existing inadMcjuatc purification .system. 

Platinum contact shaft. — In time the mats get so poisoned with 
arsenical comjiounds tliat they must be; taken out and replaced by 
fresh ones. Tlu; poisoned mats can be jiurified by washing in a dilute 
solution of hydnichloric acid. The rewasluxl mats an; not as satisfactory 
as *new ones, and can only be revivified in this mann(;r about twice, as 
the asbestos fibre mat tends to fall apart. By eliminating moisture 
in the air entering the burners, one of the carriers Of arsenical comjiounds 
is removed. By att(;nding, regularly to tlu; rejiacking and cleaning of 
the acid catchers and filters, acid mist, which is anothei* source of carrier 
of ?;aVilyst poisons, can be trapped tp some extAit. 

Ahsorption system.— The absorption is done in two stages : first, 
the absorption of ,tha SO, which has been convjrted'in the oxide shaft, 
.and secondly, the absos^ion of the remaining'SOs converted in.'the 
platinum coutact, shaft.* Tha entire system, howfiver, must be'considered 
as one,a\)sorption unih. 
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Fresh feed acid is distributfd over towers 2 asd 5, these being th» 
final towers of the two stages mentioned above. ^The acid from these 
towers runs back into receiver No. i, and a portion is passed forward 
into receiver No. 2 , being then pumped up into tower No. 1, returning 
into receiver No. 2, a portion being pas.scd forward int» receiver No. 3. 
From this receiver the acid is circulated over tqjv^r No. 4, returning 
into receiver No. 3, a portion being forwarded int<) recei^r,NB. 4. The 
acid in this last receiver is pumped over tower No. 3, and run*back into 
receiver No. 4. Tlie acid gradually increases in strength by absoi^ition 
of SOj until finally, in receiver No. 4 it is in the form of oleum, ^Miith 
20 per cent, fret; SO3. For this reason arrangement is made for pumping 
the acid in No. 4 receiver dirc'ct to storage, in additiyii to*being able to 
(devatc it to tower No. 3. 

The strength of acid in the receivers varies as below : 

No. I, ()8 per cent.; No. 2, 5 per cent, frc'c SO,; No. 3, 
10 ])er cent, free SO^; No. 4, 20 jier cent, free SOj. 

• • 
For th(; purpose of n'gnlating thi'se strengths, arid can b(’ passed 
forwai’d or backward to the receivers as desired; 05 per cent. HsjS04 
as feed acid is run into receiver No. i, while 20 ]>er cent, oleum is run to 
storage from receiv(;r No. 4 . 

Tlie path of the gases is as follows ; from o.\ide shaft, through 
coolers, to bottom of tow'er No. : ; from tlu* top of No. 1 to bottom 
of No. 2 ; from top of No. 2 through system desiTibed, back from * 
platinum shaft, through coolers, to bottom of tower No. 3 ; from No. 3 
to bottom of No. 4; from No. 4 to bottom of No. 5; froiii tof) of No. 5 
tq exit into atmosphcire. , 

For clearness, the whole course of tlu* gas may now be traced 
agajn (Fig. 5a) ^ ' 

(1) Dry air enters the j\vrit(!s burners, being forced through 
the air drying towiTs b^ an air blovver. 

(2) The pyrites bums and gives off suljihnr dioxido. 

(3) The niixture of sulphur dioxide and air passes through 
the mass of burnt jiyrites in the oxide sliafts, where about 
35 per cent, of the SO2 is i-oin’erted to SO,, and the larger 
j)roi)ortion of arsenical compounds and other poisons arc trapped. 

(4) This SOj with unconverted SOj and air, leaves the 
oxide shaft. 

(5) The gas mixture passes over the preheater pipes : gives 
up part of its licat to heat up the gas in these pipes, which is 
on its way to the superlu!ater. • 

(6) Tlfe partly-cooled mixture is further cooled, in wat4^r- 
cooling towers, an^ leaves for the absorption towers Nos. i ^d 2. 

(7) TJie cooled gas passes thr«ugh these absorption towers 
in s6ri6Si ^ 

(8) Thfe SOj*!! talgeiv out of the mixture. 

/9) SOj and air leave the second,absoi^tion ^owej, drawn by 
the fan. 
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(10) Gas iforced by fan throvgh purification system — ^that is, 
acid catchers ynd filter boxes. Any trace of SOa or HjSOa mist 
"is here trapped, runs from the liottom of tlie purifying system, 
and is pumped away from tlu' jdant, as it contains much arsenic. 

(11) 31 ie purified gas passes tlirough the inside of the ticbes 
of the heat ,i^schangcr, wlicre it is heated by hot gases from 
platiiiiini shaft.. 

(12) It jiasses through tlie forewarnier pipes in the oxide 
■ sliaft. t Here it is further heated by the hot gases from oxid/i 

, , shafts passing o\’cr these pipes. 

(] }) It jiasses tlirough the coke-fired superheater pipes, and 
till' heating- lo jiropiir leinpcraturc; is complided. 

(1^) The hot mixture of SO^ and air jiasses through tlie 
platinum mats, wliere, willi new mats and good conversion, 
p(T cent, of tlu^ remaining .SOj is con\’erted. I his gives a 
total of ()2 JKT cent, over- all conversion. 

(13) Siiljihur lrioxid(‘, a little unconverted sulphur dioxide, 
and air passes from the platinum chamber. 

(16) These hot gases pass rtmnd th(> heat exchanger pipes, 
and are partly cooled by tlu‘ cold gas ])assing through the heat 
exchanger pijies. 

(17) Gas finally cooled in wat(;r-cooled tower. 

(18) SO., converted in the jilatiniim shaft and a small amount 
of unconverted SOj with air, enter tlu; alisonition towers 3, 4 
and 5 in serii^s, after which the remaining gas passes to the 
aln'iosphere. 

' Plant contkoi. 

Samjiles of Ihi’ gases arc regularly takc'ii aiifl testnl lor porci'iitage 
of SO.J in the burner gas, and with good working conditions this should 

averagt? b per cent. SOa.* ■ 

Samiik^s of burnt ore are daily tested for sulphur content, and 
should average not more than .V.*) 1 ’*-'* cent, of r(‘C(|veral)le siilphiii. 
There is, of coursi;, alwavs more or less sulphur I'xisting as sulphates, 
depending on the class of ore, which is impossible to recover. 

Samples of gas from the oxide shaft entering No. 1 absorjition 
tower are nigularlv tested for percentage of SO.^ which, with clean-burnt 
ore packing and goo<l work, should indicate a conx-ersion in the oxich' 
shaft of 35 per cent. It is most important that the oxide shaft should 
do its aliotted share of conversion, so as not to ovciload the platinum 

shaft. , , , 1 ■ 1 . . 

Samples of gases from the inlet to the platmuni shaft and inlet t() 

No. -3 absorjition tower are similarly tested for the purpose of 
determining the conviTsibn in the jilatiniim shaft. NMth new mats 
and good working, these tests should indicate a convo'siUn of 88 jier cent, 
in the jilatinum shaft; but, in practici;,. an .average conversion of 
'80 per cent, is with d.“tiiculty maintained there is arsenic in‘ the 

*.(•?« page 37.) 
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)re. Ore with over o- 1 per cent./jf arsenic as As^Os js almost unworkable^ 
vith the existing purification system. Pyrometers are fitted for 
iscertaining the temperature in the centre oi the oxide shaft, alfeo the 
emperature of the gases (entering the ])latiimm contact shaft. The 
einpcrature im oxide shaft in the centre of the mass vfifies from 5()o"C. 

() 6oo®C. A higher temi)orature would give bettpr^ conversion, but is 
mpossible to attain with the existing plant. , , , • • 

Manometers are fitted in various parts of the plant wliich giv^ 
Indication of irregularity of working through chokes qf absorption 
lowers, etc., by tlu* fonnation of suljdiah' sludge. 

Some notes on the woukinc oe the pj.ANf 

hVom page n to 37 a more detailed account is given of the working 
if the plant and of experiments carried out in connection with it, as 
kvell as an attempt to construct a lieat lialamx; of the process. 

Bumem. — At first, owing to tlu' inexjieriencc' of tlu' rru'ii who were 
ivaikble for working the liurners. it svas dillicult to get uniform resuks 
nid keep the suljdmr kdt in the burnt on* down to a minimum. 

Trials were made of lires of dejiths from 10 to 20 inches. The 
:o inch fires were found to lie e.xtremely sensitive, very readily cooling 
iff or heating up too much with bad results in either case. Gmdually, 
liowever, good results wen' obtained with both fires, us e.Kperionce in 
working them was obtained, hut the opinion is that in running a large ^ 
[ilant where close individual snjx'rvision of the burners is not possible 
it would be more satisfac tory to run with shallow lieds, provided great 
:are were exercised liy the men in dropping the tiros. The large number 
11^ separate lumj) burner (ires whii li demand attention if tlx; host results 
are *be obtained make it d<'sirable to have as many Ilerreschol'f 
Inirjicrs as possible as these requite much less super\dsion and labour. 

Report on special method of nnorking pyrites hunters at II. M. factory, 

Queen’s ferry. ’ , , 

One section has undergone an exiierinieulal run with the ohject of 
finding out : — 

(i) Tlie depth of lire reciuired wdiich would be easily workable 
and wliich would give consistently low sulpliur content in the 
burnt ore. 

(:j) The method of treating tlic fire in order to prevent /he 
formation of " clinkers." 

(3) The charges whicli lires of various dcjiths would take, 

so as to allow them to be thoroughly burnt, three hours after 
charging. * ^ . . 

(4) The best method of yaking and shaking for a hand-cltarged 

pyrites Ike. • 

(5) Trie lideal condition of the burners, consistent with the 

maximum uffidefity (ft the plant. . ' • , 

With the.se objects in view, tlje fires on No. t unit, were lowered to 
a#depth*of :o inches, eand^fjic fires on Noi, 2 unifi raised to 16 ln(;hes. 
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'Hie 10 inch firts were originally given a charge every six hours, 
raked three and five hours after charging, and dropped an hour before 
each charge. In order to systematise the work on all the fires, it was 
necessary that a definite weight ol pyrites should be jiut^on the fires at 
charging time, 'll was found that two 12 shovel charges, as giveri by 
two burnermcn differed in weight by 0-25 cwt,, a diifercnce which 
would 'show itrelf thne hours after charging when the fires would not 
be ready for raking, and conseipu^ntly not ready for charging after six 
hours. It is absolut('Iy lu'cessary that each fire should be charged, 
raked, and sliak('n at tlie hour prescribed for it. This can only be 
attained by getting the fires into good condition, and then giving to 
each fire the cliarge which will b(‘ burnt ont in six hours. 

Roxes w'ere made which would just contain a half cliarge of pyrites. 
These boxes were re(|uired to be 12 indies by 17 inches by inches, 
and the burnerman must lill this b(,)x twice in order to get the jiroper 
charge. This charging of a definite wi'ight of jiyrites soon brought the 
fir.'?s into that steady state; which is so ess(;ntial to good burning. The 
results ol this good Imrning may be seen from the grajih (Fig. fi). With 
charges given by a certain mnnlx'r ol sliovels and not by a definite 
weight, tlie sul])lmi' content of tlie burnt ore varied considerably, but 
alter a month’s run w'itli definite charges by w'dght, stc'ady results of 
lietw'oen i’7 per eent. and 2‘2 per cent, were obtained. I'liis increased 
burning of tlie pyrites showed itsell in the increased efficiency of the 
plant, which is kept bc'tween 88-0 per cent, and ()i-o per cent. 

Melhwi of raking. The rakes emiiloyed were of inch steel, and 
had one prong (> inches long ; tliis jirong was chiselled at its front and 
back edges, aiid w'as iiointed at its end. Tn all raking that is properly 
done it is absolutely necessary tliat the whole prong of the rake be 
embedded in the. or.y by this means, a 6 inch depth of ore is disturbed 
and all dust is tlirown down to the liottom of tlu; lire from which it is 
riimoved by shaking. 

The most satis I'actory method of raking is the one as shown in 
diagram (Fig. 7). ('linkers will always fonn whore dust collects and the 
fircis are liot enough; it is tlierefore necessary to remove all dust from 
back and sides of furnace, i.c., tlie places where most dust collects, 
The burner-man comini'netis his I'aking by making the priing of the rake 
sinjc in its full 6 inches into the ore at the back of the fire riglit up against 
the* wall. The rake is then drawn towards the front of the furnace, 
keeping the prong well embedded until the middle of the fin* is reached, 
when the rake is removed and dropped into the ore again by the wall at 
the back, and once more drawn to the middle of the fire. 

« When the whole' of the wall at the back and sides has been cleared 
of dusV the fire is rakeid in the same way from the front to the middle, 
the rake its<;lf being pushed in this ease instead (if losing pulled. 

In order to ipako certain that no dusl^ reijjjins, i,t is advisable »to 
fe-makc the fire, as shosvn in diagram, fbr a distance of about 6 inriies 
from the ba«k and sides all wund. h' two-jfronged rake is now used to 
level theyire, and the fire is ready for dropping *‘ 











METHOD OF RAKIN G A PYRITES FIRE 

AS ADOPTED AT H. M. FACTORY, QUEEN’S FERRY. 

" • " 

t, • 

f 

Three 

I. Pu/I rske *from back end to ^ centre of fire. 

H fhj^h nske from r^kin^ dooi%^ to dent re of fire. • 
lE. Rfi-raka bed of furnace from woUs ttt back and sides. 

I • 

FIG. 7. 
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Dropping , — This operation is one that requiits considerable care" 
and is, perhaps, the most important which a burnerman has to perform. 
A good fire may be entirely spoiled by under, or over dropping. The 
key is put on the bars, and is quickly iumed four or Jiye times through 
an angle of abOlit 45". 'I'his is sufficient to shake all dusf into the hopper 
and leave the large pieces still in the fire. Mistr*kes have been^made 
before in allowing burner men to twist the handle of tla* key tfirough 
;()()“ time after time. This iiK'thod not only removes dust, but ^ also 
liynps and half-burnt jiyritt's are forced between the bars intb the hopper 
below, and over-dropping results. ••• 

Timex of charging , — .Ml fir(;s previously had been fimefl for charges. 
Takings, and droppings at the hour. As a systematic intUhod of nmning 
the burners was desired, it was necessary to time (uich ojx'ration so that 
at any moment it was i) 0 S 9 ible to tell exactly what was being done on the. 
burners. The scheme adopted was as follows : — 

Ten minutes l;)efore each hour - Fins to be raked which have 

* burned ajjproximately j hours 

after their charges 

At the hour .... F'in>s to b(‘ charged. 

Ten minutes aft<T each hour - Finis to be raked and dr()i)pcd 

which have burned apprt)xi- 
mately 5 hours after their charge. 

This system allows 2 hours 50 mirmtes for the 2J cwt. charge to 
burn ofl before the first raking, and 5 hours 10 nyimtc's between charging 
aftd droj)i)ing. These times have worked exceedingly well since the 
firrs ha\e been charged with a definite weight of ore. * 

Formalion of clinher . — Previous experidice in the management of 
pyrites fires led to the belief that at times the foimttioii of clinker was 
unavoidable. Over a long period on one section it has been jmjved that 
with efficient raking, shaking and charging, tand with whatever depth 
of fire, clinkers need newer form. With the 10 inch lires, using ’a 6 inch 
])ronged rake, the fires can be ke]jt pe'rfectl)' clean over any length of 
time and give no trouble at all. With the* 20 inch fires, w'hioh are' far 
more sensitive than the low fires, it is just as easy to prevent any liard 
clinker, but on several occasions soft clinker has been found, w'hich 
has bet'll easily broken up, in the fire ; so long as fires are kept free from 
clinker, especially the deep fires, it is unnt'cessary to jxike them. All 
liokering of fin's at Queen’s Ferry was strictly forbidden. With the 
deep fires, where each successive charge forms a layer on the top of the 
previous charge, ^t is absolutt'ly necessary to* see that these layers are 
, not mixed. If the fires are hot and clean a charge is burnt outthoroqgllly 
before the nt'xt charge is put on.' This burht charge gradually finds 
its way down to the. bars, cooling as it descends w’ith each shaking, luitil 
at t]ie bottom of tire lire^ it is just warm and ready fwr dropping into 
the Ijpppor. If any powering* is* allowed on these^deep fires it will mix 
the layers of ore in various stages of Jburning,%nd by throwing*deep down 
iiij-o the* fire some of •thwjwtially burnt .will astist in the fonpation 



14 


MANNHEIM PROCESS 


of new clinker. Once this disturbance has taken place clinkering will 
inevitably follow until the bed of ore onet; more takes up its original state 
in layers. 

The deep fires containing as they do a very dusty layer on the 
bars at least 6 'inches deep, must be shakem at the propper time very 
carefully- any ovrturojiping will result in a space being left between 
the bars and tlie bottom of tlu' fire, which will ])ersist until the fire 
is next charged, wlien the weight of tlu; fresh orc^ jntt on will cause the 
bed to sink and lower tla; thickness of the bed considerably. 

Analysis of the Inirnt ore from the lo inch fires at the beginning 
of tile oxjieiimental run showi'd that from 5 per cent, to 8 per cent, 
suljihur remained in the ore. Hut as the burnor-rnen were unused to the 
new method ol handling the fires, this w'as only to be expected. As 
soon as they had settled down into tlu' systematic running of the fires, 
these ri'sults at onc(' began to fall, and for the last fortnight the unburnt 
suljihur in the ore varied from 2 -^ jier cent, to id) jier cent. 

\Mtli th(^ deep fires tlie suljihur content gradually fell in the first 
fortnight, but in a much more gradual manner from 8 per cent, to 
3 per cent., and during the last fortnight averagi'd 2-1 per cent, suljihur. 

During the latter jiart of the run, the suljihur content of the ore 
frofn the two sets of fires differed only slightly from one another, but 
^ in almost e\’ery case' the ore from the deeji firi's contained a slightly 
* higher jiercentage of suljihur than from the others. 

A series ol tests was run on beds of \'arious thicknesses, and it was 
found that for a dceji fire, when th<’ foji of the IkhI was on a level wth 
th(> bottom of the charging door, tlie lire began to cool and remained 
rather cooler than was required. Tlu' best depth in order to get good 
burning throughout and maintain the requisiP' amount of heat in the 
fire, was to keeji Ine foji of the lire about 4 inches below the lower level 
of the charging door. \\'ith this dejith it is jiossibh' to maintain good 
fires fr('(' from clinker and burnt on' of low suljihur content. 

;\ grajih of the amount of suljihur in the burnt ore from the twe 
sets of fires is given (h'ig. fi). 

In making a comparison between any two sets of fires, it is necessary 
to take into account ease of working w'itli all the otlx'r factors. Judging 
from this standjioint, the 10 inch fires have easily jirovcd thems(dves 
to be better than the d(*ej) ones for the following reasons : — 

(1) They are easier to work. 

(2) The burnt ore from 10 inch fires (ontains slightly less 
.suljihur than the otiiers. 

(3) Cornjih'te absence of clinker eithe/ hard or soft. 

(4) They can be woiked by men who are not exjierienced 
burner- men. 

(5) Any mistake in over or under clroj)|)ing by any Immer- 
mcn can b(! moj" cjuickly remi'diKl ?h loiPfires than in deep ones. 

During; this' period the efiiciency sose to 02 jier cent, on two occasions 
and averaged 89 jier cent., the extra efficic.iicy J icing accounted for by 
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the increased burning of the pyrites with the resultant lowering of* 
sulphur content of burnt ore. • , 

Using this method of treating pyrites burners as described in this 
report, it has been proved that the Mannheim pla^it can be run 
contifiuously at*an efficiency of 88 jier cent., with burnt rftc nciver giving 
:i fieiu'c higher than 2-5 per cent, of sulphur, eac^i •section producing 
1-2 Ions S( >3 per day. • • • * 

Air drying. — I'lie air supplied to the burncTs for the combustion 
])yrites is forced by means of a Sturtevant fan through two l^d 
dvving t(nvers in seri('s which serve two units. Sulphuric .acid (94 ^ir 
cent.) is circulated over these towers by mciuis of a centrifugal pump. 
The circulating acid is kept at <)4 i«t cent, by a constant inflow of 
()8 ])er cent, acid and a constant outflow of 04 per cemt., the latter 
being vised as feed for the ftnit. The efficiency of this air-drv ing system 
is (),■) ()(> yier cent., the nifiisture in the air entering the burners never 
exceeding ()•.{ grams, jxt cubic metre. As a result of this the acid in 
the seUling tanks from the coolers is very small in quantity and higfi 
in strength, that from the oxide coolers containing on the average 
10 12 per ('('lit. fr('(' SO.,, and that from the ])latinuin cooler 22 2.| per 
cent. fr('(! SOj), the amount collected from tlie oxide coolers is about 
o-o() ton per' 2.| hours iier double unit ! n-oOj ton per 14 days fr»m 
the platinum coolers. 

Further, the amount of sludge settled in the basv's'of the coolers 
is almost ncgligibh' after live montlis running. 

( )riginally tlu' acid was raised to the toji o^ the drying twwcrs by 
Ki'stner elevators, and then the drying was much less efficient and erratic 
thefn after centrifugal ('in'ulating pumps were omjiloyi'd, w’liich enable 
• a much largiT (juantity of acid to be passixl over the towers, 

•I'he object of drying the air sujiplied for combiistiot; of the pyrites 
is two fold ; (i) to avoid jiroduction of w('ak acid by combination of 
the moisture with the SO,, fofmed in the tixide shaft, which would 
corrode the steel cooler, and give rise to arsenit'tirettod hytlixjgen; 
and (2) because moistun' in the gases li('l]>s to carry forward any arsenic 
wliicli may be jiresent. 

Oxide — To maintain the shafts free and in a workable con- 

dition about 150 lb. of ()xid(; an' drojqied from each shaft per day, 
and this is replaced bv an ('(jual weight of fr('.sh .screened lumps (lu^hl 
by i.l inch nu'sh) from the lump biiriu'rs. Jixperiments .showed that 
droiiping of oxide- from shafts militated against a high _ efficiency for 
some hours, and it would apjvear that a daily dropping is inadvisable, 
provided the shafte are fr('(' and do not offer too high a resistanev; to 
'ivassage of fh(' gases and that the arsenic content is not exc(vssiv(;. . 

• * , 

Cooling towers * -C^de (sooleis. - It was found advantageous to alt(T the 

oiigdaal arrang('m('^|t(»f Jlie a^dd outlets at the bott<»m of the cooh'r by 
luting* them into a sUidge taftk'so desigm'd tha<^ the pipes covild b(; 
('asily cleaned without rliscrTmu'cthig tlu'nf. .\11 acid* from cooling 
towers <%f-tf1inir (nnL-« with di'ins fro.m tlnv hiain fan. fllt(2rs*and 
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acid catchers, was led into special tanks and pumped away from time 
to tipie for use in the nitric acid retorts, as it contained arsenic. 

PniifloRtio& ol gas. -Gases leaving tin? second absorption tower are wet 
with acid and*1nust be purified before being admitted to the platinum 
shaft. 

The extent of puiilication required depends mainly on two factors : — 

(a) The amount of moisture entering the system — this with 
SOj produced in the oxide shaft forms sulphuric acid, part of 
which exists as mist, and in this finely divided state is very difficult 
to eliminate. 

{b) The quantity of acid flowing down the second absorption 
tower. 

The tabic below shows that the (piantity of acid condensed by the 
main fan in No. q section, wh(;rc a \'ery larg(' flow of acid was possible, 
is very large compared with the amount conchmsed by the main fan 
in other units w’ith normal flow. The strength of acid condensed by 
the fan is invariably the same as that circulating in No. 2 tower, which 
show's that this acid is carried over by fan suction, 

The purification is effected by means of — 

(a) Main fan, the centrifugal action of which eliminates 
about 75 ])(’r cent, ol the total acid carried over by suction as 
described above. 

(h) Four (juartz packed add cati'.hcrs through which the 
gases pass in parallel. These remove the greater part of the 
remaining acid. 

(c) Six filters packed with a layer of quartz at bottom, on 
which rests the main filling of blast furnace gravel basic slag, 
followed by a layer of asbestos Gi which is incorporated a little 
lime and magnesia. Thise should condense any acid passing 
the acid catchers. In practice, however, a small amount varying 
from 7- i.fo milligrams per cubic metre fails to be trapped, and 
as this is presumably formed in oxide shafts and burners it will 
undoubtedly carry arsenic forward to the platinum shaft. 


Acid dripping from fan per dav. 


Section. 


1 

3 ! 4 

1 

5 

6 

7 

8 

1 '1 



■■ t/ 


! Cwt. Cvl. 

f.wt. 

Cwt.'' 

Cwt. 

Cwt. 

3'«5' .h 



4-2 

3'i 

I 1 


-1 

c — ^ 

«.Vu . ___ 
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Acid dripping from catchers and filters fief day. 


Sficiion. 



Cwt. 

• j-8 


The following table ^ives the amount of ac;id " mist ” cHilculated as 
grams of HjjSO, per cubic metre, entering the platinum shaft on five 
diff('rent dates : — 


1 

2 

3 

4 

5 

6 

7 

8 

9 

• 

10 

1 — 





0-014 

O' 129 



o-o68 

2 — 

— ’ 

. 


— 

— 

— 


— 

— f 

1 ()M)I 2 

O’ 033 

O' 009 

(I'OI.j 

O'OTH 

0*014 

0*030 

U-71 

0*017 

o*o68 

2 O’ 045 

O' 028 

O' 010 

O'OiO 

O' 01 5 

O' 004 

0-129 

— 

O' 020 

0*007 

I 

— 

— 

► - 

O' 17 

O' 018 

0-025 

— 


O' 010 

2 

— 

— 

- 


0'012 

0-047 

— 


0*026 

1 # O' 003 

0-003 

0 ‘ 0 T 2 

- ' 


— 

— 

— 

_ • 


1 i - , 










0*824 

0-027 

2 — « 

— 

• ** 

— 


““ 

** 


0-026 

0*028 


It is seen that the results are variable, sliowing that some of the 
acid catchers were not capable* of dealing with the amount of mist 
satisfactorily. One return after five months running slwwed o-oq 5 gram. 
])er cubic metre of mist in the gases leaving the filters for the heat 
e.\chang(!rs. The gases entering tlic acid catchers contained i -ba grams, 
lier cubic metre, so that the <!ffici('ncy of the filtering system is 94-1 per 
cent. Itut this is not good enough, and the filtering system is not equal 
to the demands laid ujjon it. 

The quantities and strengths of acids from this section were as 
follows : — 


Source. * 

• 


strength calculaU'd 

1 

piiarPtity cullcclcd 

ArHeiiic content in 

• 

as H,S()4. 

per 2.^ hours. 

parts per million. 

• « 

• 


t 

Per cent. 

• 

• Lb. 

• ' 

Oxidf coolers* - 

t 

101-3 

134 , 

600 

Plufinitin coolers - • 

Main fan 

- 

. 99-1 

10 * • 

28\ 

45 

180 

Acid catchers • 

^ ! 

95 -^ 

• 156 

• — 

FilUrs -• - 

• 


1 

nil* 

1 

• « 
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(ias j)assing through filters and catchers (i section) per 24 hours 
1,140,300 cubic feet. 

= 32,300 cul)ic metres. 

Mist ' removed per cubic metre i ■ 525 gramu. 

. • . Mist removed per 24 hours 

= 109 lb. 

Absorption 0! SO3. — Tlie alisoqition systi'm is well up to the work 
required of it. (liven a constant feed of 94 jier cent, acid and the plant 
nin to ])iodu('(' ,io per cent, oleum, the handling of tlu; system is compara- 
tivi;Iy (.‘asy, aiul an (dhcii^ney of praetit^ally 100 })er cent, can be obtained. 

'I'lie ai'id circulating in Nos. 2 and 3 towers must in all cases be 
maintained at a strength of q8 per cent. 

The princiiial factors in determining tlie efficiency of the absorbing 
system are: (i) tcinjicTature, and (2) concentration of the absorbing acid. 

'The temperature factor depends to a large extent on tin; temperature 
of the gases loa\’ing the oxide and platinum shafts and on the efficiency 
of the cooling system, which, in its turn, (hqiends most largely on the 
watijr supply. 

The a\ (Tag<! of a number of tcmjierature determinations in the 
four acid reservoirs is as follows : — 


Reservoir. 

1. • 2. 3. 4- 

53" C. 6.i“ C. 58® C. 61" C. . 

The absorption is accompanied by evolution of heat the hottest 
reservoir being the one receiving acid from the iowiTs normally showing 
most absorption. ‘ 

llie following tcmjieratures of gases entering the towers were 
taken ; — 


1 

Section. 


Entering absorption towers. 


I 1 

2 


4 

.•) 

2 

90" 

55" 

.so' 

3R” 


8 

48 '- 

,42“ 

57“ 

43" 


3 

60“ 

43“ 

7(>” 

40" 

'32" 

6 . 

5(''' 

46" 

<■’ 9 ” 

43“ 

39 ° 

1 ' 


Exit. 


40" 

41° 

40“ 


In the case pf section 2 there were only t\\t) oxide coolers, which 
accounts for tlie high temperatures ofitfeu gahes entering towers I'and 2. 
1 1 will be seen thiit thci gases leaving ^ower are hotfjCr than those 
entering on account of the evolution of hpat.during absorption above 
referred to. 
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Main lang. The glands of thtse fans should be packed with white ' 
asbestos dipped in flake graphite, not less than once in eight wfeks. 

It would have been far better if the stuffing boxes had been made much 
deepi'f. as they, do not hold two rounds of packing psppcrly, and as 
the centnis of the spindle bearings are as far apart as 4 fe?t 3 inches, the 
])acking gets hard, causing the fan to vibrate badly. • • , ^ 

Superheater.' -Superheater pipes have the cause of a great 

(leal of trouble. The pi])es an- badly designc'd. There are net sufficient 
liolts in the flanges (six only), and instead of holes in the flanges th^ 
are slots with a raised face inside the bolt circles. Thesg slots are 
also in the wrong places. • 

It docs not seem reasonable to provide a 12 inch pipe with 12 holes, 
not slots, w’hem it is subject(‘d ])ractically to no strain and is out in 
the op(!n and easily acc('ssibl<', while a 10 inch pipe buritid in brickwork 
and subjected to severe heat should lie yn'ovided with only six slots. 

it* was also found that the ends of the vertical pipe were not always 
in the same place, in oik' ea.s<' there was as much as | inch difference, 
llius making it still more diflicult to make a good joint between a " U ’’ 
bend and these two j)ipes. 

Oas t w t fln g, — 'I'he gas analyses consist principally in tlui estimatfon 
of SOj and oxygen. The oxygen is determined by absorption in alkaline 
l)\Togallol, or phosphorus in an Orsat ai)paratus, SO2 is estimated 
by absorption in standard iodin(! solution or caustic soda solution. 
.Attempts were made, at one tiin<!, to estimate both S()2 and o 5 :ygen in 
the; Orsat apparatus, using strong iodine sohition for the SO.^ and 
jn-rogiUlo*! for the oxygen; but, owing to the fact that the gas was 
collejtod over water, erratic figures were obtained for the SOg deter- 
minations. A certain amount of the SOg was taken ‘up* by the water, 
so that the final amount 100 cc,of gas collected for analysis, was poorer 
in SOg and corrcsixindingly richer in oxygen. • . ^ 

Reich tests taken simultaneously with those in the Orsat always 
gave higher results, and these again were confirmed by an analysis in 
another Orsat apparatus, but <'ollecting over mercury. 

SO.2 then cannot be estimatc'd by absorption in iodine in the Orsat 
apj)aratus. Paraffin in colhic.ting tube of Orsat was also tried. 

Two other methods of estimating SOg have been employed with 
success : (i) The lest, when; the gas is drawn through a known 

volume of standard iodine by means of a syjihon, the amount of water 
syphoning over baing measured in a graduated cylinder. In the first 
•nu'thod, the gas is aspirated through the starch iodine soltrtion, until 
tim blue colour is just discharged, <)r until^ a Certain depth of blue is 
reached, il'he voKmje of water syphoning over is equal to the total 
volume of gas less SO^absprbed. 

The equation — • * * \ 

SOg, Tg !h aUg-O - HgvSOg + 2HI. 

shows that 254 gm. Ig^bsWb 64 gm. of SOg, i.e., 22-4 litres of 'SOg at 

* B a 
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NTP or 0-I27 gw. Ij, (i c.c. of N iodine) absorb ii-2 c.c. of SO, at 
NTP, It is not possibie, working the test in the ordinary way to 
ol)tfi.in results correct to tire second place of decimals. For example, 
suj)j)os(' in a. test lo c.c. of N/io iodine are used, and collect 500 c.c. of 
water, as the volume; then, with varying temperature Of the gas'results 
will be obtained "wying in the second ])lace — or even the first place. 

Thus, calculated to o'" C.— 

SOjj = 2-24 per cent. 

Calculated to lo" C.-- 

SOj = 2*32 per cent. 

Calcullited jo 20“ C. — 

SOjj = 2*40 per cent. 

As no t('ni])er.'iturc corrections are made', it will he seen that figures 
in the s(;cond ])lac(' of decimals are ttu'aningless. The error in reading 
the \olunie of wat(T, is generally 5 e.e.. and one volume lower than 
500 cc. this error will manifest itself, making the iigurcs even more 
iiuK'curate. \A'ith careful working, however, determinations correct to 
the first jilact; can always he ohtaineil. 

'I'lit! valutf of any single test either for S0,j or oxygen depends upon 
the purpose for whicli the data arc required. 

It lias been .shown th.it the composition of the gas in various parts 
of th<; gas circuit, (h'jnaids inter alia u])on the time and method of 
charging the huriu-rs, and the activities of the two c.it.ilysts, it is obviously 
unsafe, . thori'foro, to draw any general conclusions from the nssults of 
analysis of any one .samjile of gas, unless tlu^ sairqde of gas has liecm 
dravvn continuously over a ]K'riod of :it h^ast one hour. 

It has h<'('n found that the variations in the gas compositions recur ' 
hourly under iiownal condition.s, so that the data will deixnid u))C'/n the 
time they are taken, 

This is cloarl^^ showii by the results obtained when “ snap ” tests 
were cmjiloyed ; morning and (’vening tests invariably gave divergent 
results, and in spite of calculated coin ersions of ()o ])or cent, and over, 
the ])lant did not turn out the amount required by this figun;. 

(2) For data upon which statistics, effici('ncies, &c., have to be 
founded, it is obvious that snap tests cannot be relied uiion ; a constant 
and continuous sample of gas must be drawn and analysed so that all 
fluctuations and variations in the working of the unit, are represented 
in the final result, b'or this purpose the gas is slojv'y asjrirated through 
an absorption bottle containing a known volume of standard caustic 
soda, and some hydrogem iieroxidcs all acid gases. (SO^ and SO.,) are 
absorbed' in this, the resulting suljihite being fixidised to sulphate by 
the peroxide ; the n^sidual, gas (oxygen and nitr(»gi!n) passes over into 
the aspirator, which is graduated and provideil with a gauge glass; 
the test can thus' be allowed to run foe a ,i;pnsiderablc time — usually 
20-24 hours- -the cgitents of the botfle'arc then titrated with standard 
HjSO,, with methyl oi'angfe as indicator, an excess of alkali must always 
be prt.sent to ensure^ that only normal salts ?r(' ft)rmed. 
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The oxygen is estimated in tlfb residual gas in the aspirator, using 
an Orsat apparatus; by this method a total acidity. figure is obtained, 
l)iit it has been shown that in normal working, the escape of SOa and 
lloSO^mist is so ^mall as to be negligible, and the result can be calculated 
;,s“S(r2; in rases of bad absorption, the lest is stoppeeP until normal 
conditions again obtain. Th<* occasions cm whicli tliis. measure has had 
to be resorted to being vc^ry rare. 

Composition of hiirncr ^cises. Att('Tn])ts to analyse the gases direct 
Ivoiti th(^ burners by tlu' nudliods used for the exit gases, i.c., by*(^stimatiiig 
till' SO*,* in iodine or caustic soda (‘ilher in an Orsat or by the Re*Hs 
in(‘tlic)d*‘ led to failure, vctv low results Ix'iiig obtained in eveiiy case. 

The clifticultii^s of thc‘ (‘stimalion are obvious; then? are no facilities 
ior olilaining a coiniiosile samj)l(‘ from all the burners; a sample can 
he taken from (*\'t‘rv three bnriu'Ts and two ol these can be combined, 
so tliat two separate and sirnullaneoiisdetcTmiiiations must be performed 
lor (‘acli unit. The tc'inperaliirc' of the gas may be anything from 
lioo ' ( .*t() 800' 01 e\'en lngh(‘r, and whalc'ver gas c^cjuilibiium between* 

S(b and SO-t there mav be, will lu' ilistnrbed, so that ordinary (estimations 
of l"lK‘se gases will not yi(‘]d dependal)l(‘ results. iNo ns(efnl purpose can 
he served therefon*. by atlem])ting to get rcdiatdc bnnica* gas figures 
Iroin a dc'terininatioii by the Rcnc’h method, or in an Orsat apparatus. 
A continuous tc‘st using caustic soda, and asj)i rating the gas vc'ry slowly, 
(lid, however, yic'ld reasoiial)le tignrc's. A table ( 1 ) is appended sliowing 
I lie burner gas figures obtainc'd in a number of these exjxa'imcmts, and 
lor comparison, the figun's ('alculated from the (?xil gases ovct tjie same 
jienod. The formula us(‘d for calc'ulating the burner gas from the exit 
gas analysis is • 

• . 2 /ib.SoO + idScc 

• SOa per cent. • 100 y^Hoo — 1,037^ — *Soo/// 

wluTc' a — ])ercentagc‘ SOw and i*- ixTcentage O^ in tlui exit gases. 

A series of dc'tc'rniinations every fc'w minnt(‘S owr a jieriod of an 
hour, using the Keicli nudliod wen* also made, tests on the exit gases 
being yxTformed simultaiieouslv. llieso ligures are given in table II., 
and show that, having regard to tlu^ experimental dilliculties, tlu? 
agrc'emeiit belvv(X‘n the caK'ulaled and (‘xperinu'iital tigiirt‘s is quite close. 

In all tlu' (‘xperimcmtal work, (’onversions aiuj efhcic'iu’itjs have 

always been dcTived bv calculation.* * . 1 i‘ 

rcTtaiii of th(‘ forriiuhe were worked out on the assumption that the 
leac'tion taking jdac^in the burners is represc'iited by the equation— 
4 ¥eSjj + 11O2 = aFc'aOa + SStlg. (i) 

It is known, however, that the stoichiometric r(dations*giv(in»by 
this (‘(juation clo ;ju)t hold cixactly in the' d)urners.^ Keliable data for 
the stale W coinbinltion of the r(*siclLial sulphur in tlx^ b^nl cire is 
lacking, but there Is rc%.soii to believe' that in a well-burnt ore, 

most of the, sulphur is ixvsoiit as Jerrons sylpliicIV, lu*S^, with a sma^ 

^ StY special irii.'th()cl of ciilculatiuTi, p, 37. » « 
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propoition as Fej{(604)3, A tyjncal analysis is given in " Lunge,” p. 446, 
showing 8' 5 per cent, of tin? burnt ore as FeS = 3*1 per cent, of sulphur. 


TaUe 1. 

lixfpermental and derived burner gases. 


Time nf expt. 


17 hours 

17 M 
17 0 

17 M 
17 M 
^7 n 

17 M 

17 .. 

17 M 

15 M 
20 ,, 
24 M 

24 


Per cent. SO| in burner Gas. 



I'ouiid by expt. 

Calculated from exit 
gases. 




- 

5*4 

5-t> 

- 

4‘9 

5’5 

- 

5*9 

.V6 


6*2 

.S-7 


4*6 



5‘3 

5-5 


6*1 

5-9 


5*0 

5\5 


6*0 

57 

- 

6*4 

.5-9 

- 

5 '.5 

5-5 


1 

5-.5 


Table 11 . 




Kits fiuin ' 

I'.xit /.'.xs from 








sUufl. I 

pliitinuiii sintt. 



I'uinui viivSvBi 


( 1 . 

' Time. 

so, 

pci t(Mlt.| 

1 

1 

1 

()., i 

pci ccnl, j 

1 

SO., ' 

1»CI < t:nt. t 
* 1 

1 

1 

t >2 

per i cut. j 

1 

1 

Ciilciilatt rl ' 
fiom 

oxide exit, 

Ciilculatcd 

trom 

pl.itinuni 

exit. 

Found. 

I 

II. <10 :i,m. 

J**l 

I 2 *^< 

2*3 

11'. 1 

5 

iS 

<>••1 

6*1 

2 



I /,*0 , 

2-3 

11 -0 

S 

7 

(I-O 

O-I 

3 

; 12 .U md. 


IJ‘0 . 


11 -2 

f) 


i '''-I 

(»*7 

4 

' 12.10 


12*0 1 

-’•3 1 

10-4 

() 

•j 

7.0 

6-6 

5 

12,20 

; 4*1 

12*2 ; 

2*3 ; 

I()*(S 

i> 

2 ' ’ 

! ()'4 

f)*5 

() 

' 1^-30 

1 

12 -.I 1 

2*1 

11-4 

i) 

1 

(.•3 

6*1 

7 

; 12.40 

' :r7 

I 2 *h 1 

2*0 

ii'() 

() 

0 ' 

O-I 

5’5 


: 22.50 

i 

3*4 

1 

1 

• 1 



Av'.r 

•()• j 

Av.-()-5 

0 J 

li 

> ( 

< ' 


The average .burner gas from both calculaiions is 6^3, and the 
average of that found as a result of ' the se^fes^ of 'single tests, Js 6-2, 
showing fhat .a gooiu rest’ It can be obtained by averaging the figures 
from 4 series of snap tests. 
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.l('mperatiir(js showed miiiimum values at charging time, and jnaximupi 
abyut an, hour afterwards, corresponding with* the maixniiini obtained 
in the case of burner |;ascs. • 

Th6 preggiuy systoiUt — IJiie pressure of the gas in »thQ different parts 
of the*circuit gives an jnclicatic^ M the r<»sistanc(^s offered to the passage 
of the gas. •The ordinary' gkfes nran^ancdei 1ms been emploved in every 
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Assuming then, that the burpt ore contains 5 ner cent, of sulphur, 
as FeS, and that the burnt ore is 70 per cent, of the original green ore, 
which contains 47 per cent, of sulphur, then— * 

5 parts of sulphur in burnt ore is 3-5 i)(:r cent, of the 
• original ore, i.e. of the ^7 parts of sulphur in*Jhc green ore, 
3-5 eventually remahi as F(!S. 

3-5 parts of sul])hur - (j-h ])arts FcS. •' ' . . 

Original ore (contains 88 parts of b'eS^ (assuming all' sulphur 
, present as l'cS2) : therefore, 88 parts FeS-^ bum, yielding g‘5 parts 
h'eS which is produced from 13 parts “of FeSa. the reniainijjg 
75 parts of F0S2 burning to FcgO.,; so that we har’e, 88 jjarts of 
FeSa producing 50 parts of FcjjOa, 9-5 jiarts FeS and }?7 parts SO,, 
The nearest simido eciuation n'prosenting this r('ac‘,io ' is — 
i 3.10 ^ 3l‘‘i20:i -I- FeS -j 13SO.2 [ 2 ) 
or i4FeS2 ^ 35O2 • OFegOj -| 2FeS i 'ifiSO, (,;) 

j c 

The value of r'" in formula. (3) is in this case; = 1 - {.lO, 

Whereas for the equation (i) — 

4FeS2 + 11O.2 - aFCiOj - f hSO, 

it is 1-375. 

With values (»f « ' under 3-0 the error caused by u.sing the value i -375 
is not ai)proeiablo, but for values over this, the error exceeds 1 per cent. 
Tlu^ conversion tables !ire calculated witli value 1-375. 

, It has been found that the maximum elliciencuis, consisU-nt with 
commercial production, are jiroduced with a. burner gas of about 
5-5 ])cr a-ent. ; the ('Ihciency of the oxide catalyst depends primarily 
upon its concentration Jind teuqierafure; the only means of altering 
its c«nc(;ntnition is to altei' the com])osition of the burn^-r gas with respect 
to SOj. With a high burner gas, th(' coiK'entration o1 catalyst is lowertul. 
This can, of course, lx- controlledr but tin- qu(-sb<.>n of burner gas tempera- 
ture is not so easily disjiosed of, and as the burnev gas temperature 
detcamiiK's the t('mporature of tlu; oxidi! shalt, it is a disad\-anlagr 
liaving no pyrometer fittings in llu- oxide shaits. Tliere can be no 
(|iU‘stion that with the presc-nt system of charging not only does the 
coni])osilion of the burm-r gas undergo vvi<le fluctuations but thesis 
lluctuations accomi)any the temjxu-atun-s of tla- gases (altering the oxide 
shaits, High ternjx-ratures are often ri'ached in Hiis way. Fig. 7A 
shows the tem])ert^ire xariatious for a Jlerrescholf. The burner was 
cliai'ged with threuTSbovels every thn-e hours. The nu-au tiMujierature 
was well ov('r 750 '. Fxcejit in two cast's (7 a.m. and lo a.m.) the 
temperatures showed migiminn values at charging timt', and /naximuyi 
abyut an. hour afterwards, correspt.>nding w-itluthe rnai.vmum obtahied 
in the case of burner |;ases. 

The ptesBurt eysteim — lilio pressure of toe gas different parts 

of thc«circ.uit gives an jndicatidh bf the resistances ^ffen-d to the passage, 
of the gas. ‘The 01 dinary glffts maMimeter Ims bom emuioved m every 

.}y. * * 
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cas(\ and rob.'ilt ni/ni.tr solution lias .boon found tlie most satisfactory 
Iquid loi the nicinomettTs, as it resists the action of SO 2 and 

retain?; its r|(‘cp ])ink ('olniir b)r a. considerable time. 


In lli(‘ followin/^ table' is ^iv(‘n the reading for each manometer, 
being the average of the n'arlings taken every two days : • • 
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0-0 
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i 

1 

: 
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TIu'si* jioiiils 

have 

been 

plotted 

on 

a urapli (Fin. 8), 

where the 

diri(‘renee* betwei'll 

two 

eonsiriitive 

manornetiT nmdings is 

taken as 


jiroportional, to tli(' resislancc' of that [)art ol tlie intervc'ning plant, 
r.g., till* iliHetvnci' Ix'lwi'eii the readings for th(* oxide shafts and ‘tower i, 
i> ]>ro])orlional to tlu* resistaiK c of the ovide coolers. The shad(*d areas 
show till* r(‘lati\'e Vesistam'(‘ for all tlu' important jiarts of the plant; 
the dott(*d line shows tlu* iui\e lor the JlerresclioH unit. Th(* propor- 
1ionalitit‘s are not ^exad a*, the position with n?s]>ect to the main fan 
determini:, s to a sniall extent the ]>ressure or suction apart from any 
inter\ eiiiijg resist ;mees. 

It will b(* sei'ii that tin* resistances of the absorption towers are 
a|i])roxinialely tlie same, and that the highist resistances are encountered 
in the oxide and jilatinmn shafts (including the adjacimt mains, &c.), 
the H'sistance ol the air drying towers is also considerable. The amount 
for the oxide coolers is also largi*, but may be accounteil for by the 
amount of gas main to be traversed, a factor whiclii-' iiiclufled with the 
coolers Tlie sami- ri'injirk ajiplies to the platinum shaft, where the 
resistance ol’lered l)\' tlie superheater forewarmcr, heat exh.ange, and 
})latinum cooler <y'e included with the shaft itself. 

Jiver>' has read every two days, and a tabulated 

and grajihic recon 1 l^ejit , thus it is possible to see at a glance* when any 
• gi\'(*n manometer was steadily altering/ iifilicaWng a ‘gradual change of 
resistance. , In Jhis ^v’f^y gradual chokes in the aciu catchers,, lilttTs, and 
coolers ha\’e been detected. 



I. FACTORY QUEEN'S FER«Y. — MANNHEIM OLEUM PLANT. 
RELATIVE RESISTANCES OF THE DIFFERENT PARTS OF THE PLANT. 



FI G .8. " Walbr^Sonalitli. 



CONTROL OF PLANT »5 

The oonvefsion of SO2 to SO,. .The conversion of to SO3 depends* 
upon the following factors : — 

(1) Concentration of catalyst, 

(2) Tcimix'rature. 

(j) Composition of the burner gas. 

(4) Quality or condition of Uie calalyst 

The concentration ol tlie catalyst, or the (juantity of the catalyst 

unit volume oJ pis is ditermiiu'd by the amomil |mt iiTto the shaft 
and by the compo.sition and sliced of the gas. I’p to the present-*iu.; 
latter has been determined by the sjn-i-d oi the main lap. which has 
been constant and at its nuixiinum, and the \arioiis, resistances only 
alterabh' within narrow limits. I'lie amount of oxidi* which can be 
employed in tlu' oxirle sh^lt is also limited. The i|nantil\’ of platinum 
can be altered by changing the (juantities during the plaiinising process 
{vick’ infra). Up to the present, it has had one part of platinum per 
85 parts S (as SOg) per hour, (iiillo ratio (1 part Pt to 15 jiarts S). . 

The (piestion of temperature ha', presiaited more dil'licullies. in 
view of the nature of the structure and position of Ihi' o.xide shaft, it 
is iinpossibh' to keeji the whoh' d<'|)th oJ oxidi' at the correct li'inperature; 
the lower layers may be at too high a temperaturi', as tlasi' meet .the 
burner gas direct from th(‘ burner, but there is no e\'idence to show 
which zone of the catalyst is at tin* reciuirerl temp<’ralure. since; there 
are no facilities for taking a temperature in the o.xide shaft. 

^ Ihe fact rec<'ntly d('monstrated that the drop|)ing and* tilling * 
operations temporarily Iowct the actiiity ol the o.xide may be due to 
a lowering of tem])ernture, • 

With regard 1(» the ti-mperature control in the ]tl!ilinum shaft, the 
pyrtmieters only tell the temperature of the gas •.■ntering the shaft. 
The temperature of tlu' issuing gas is ol no great imiiortance. because 
so long as the 1 em]KTalure Idr maximum ^onxeision with the speed 
of gas is either not reaelied or exceeded in the gas lefixing the )Malimnn, 
so long will the eftii'iency suffer. 

It has already been shown tlial In obtain thi‘ best results from the 
eatalysts, tlu'y must bo sii])})lied with a eoiistant burner gas eontaining 
about 5'5 cent, of SO.,. The amount ttf oxxgen that ran be supplied 
to the burners camiol be inereaseil beynml tlie mgxiiniun amount the 
main fan ran draw, so that the higher the SO.^ in the bmiier gas, the 
lower the oxygei'., llu* higher the conxeision in the o.xiih' shaft, the 
lower the voium(; of S()._j going to the platinum, and eons('(|uently the 
lower the exit. ..The ellieieney of platinum falls xvitli the deerease in 
SOj however, since lower eoneentrations oi SO^ and oxyg'en produce 
a» lower velocity of combination so that in profiortion less is converted. 

The condition the iilatinum ratalysl (l(‘))('ncls u])on tlie platinising 
protess, the jmrity of the* ga!*js,.aiiil tlu* length ol time It is in use. , 

l^fetail,^ of the iSlalinising pioe<‘ss are. gixen* beloxy, together with 
spme details of the |ife ,of .(he mat. The loss *of activity is due in 
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{■jiacticiilly every cerse to arsenic j)ois«ning, the arsenic being carried 
to the platinum in the ir<'i<i niist which the lilters fail to remove. 

Astiestos mats. —Many varieties of asbestos have been platinised with 
a view to finding which variety was most suitable for carrying the 
six»ngy jJatinum. 

These might be (f*, scribed under three heads- • 

(i) nine asbestos. 

(;) W'hile asbestos fibre supported by and wound roupd 
lengths of wire. 

(.}) White .asbestos. 

The chiel dilliculty which has been encountered has been the 
disinlegration caused by the action of the acid washes upon the asbestos 
libri!. In the cas(; of tlu; blue asbestos mentioned above, its solubility 
in IK'l is oni>’ 13 per cent., and judged by this factor alone, it would 
seem to be a suitable sul)stance for carrying tlie jjlatinum. Unfortunately, 
oh lie.'iting, bliK; aslx'stos turns a reddish-brown colour and becomes 
\'ery brittle, thus r('nd(;ring it unsuitable for the substance of ;i Mannheim 
mat. 

I 17 ///C ashratos siipporlcd by wire . — This tyjie of mat remained in 
good conditioii throughout tlie whole of the ])latinising process, but 
on being removed from the platinum shaft, the wires had gone (evidently 
converted to lenous suljihate) and the strands of aslx'stos having lost 
their snj)])orts and not being stiong enough to supiroi't tlieir own weight, 
ci'uinbled to ]>ieces on being reinov<‘d from the element of which it had 
formed a part. 

Il 7 (//c (isbi’.'itos. - When platinising first comiiK'nt'ed the mats wens 
madi' of asbest(K cord o| I inch diameter, consisting of 12 strands of 
libre. Tliese mats turned out siiecesslully and were not in the least 
brittle aft<'r passing through the |)latiiiisitig process. This stock of 
mats was followed I»y a stock ol mats consisting of ](> .strands of fibre. 

I he>e mats tell to pieces before even the |)latinising ])rocess was tinished. 
It was suggested that this might have been due to the fact that a large 
jHTcentage of the magnesium in the mat had not been removed by the 
acid washes. .\ sanijile 1 ak<'n from one of thesi- inh'rior mats showed 
only the slightist trace ol magnesium, thus disproving that suggestion. 
The only other chemical cause for the disintegnition was the fact that 
these mats weie (>o pet I'eut. soluble' in hydrochloride so that during the 
IK'l wash, a hirge perce'utage of the mat was remov(!Tl and the skeleton 
remaining w:is not strong enough to stand any strain^at all, Ifut this 
solubilit)' <|aestion applies eciuiilly to the asbestos used in the original 
mats* for its solubility was SO’-I^ per c('tit. atid yet the mats wgro mo^t 
satisfactory idtir phitinising. ‘This seems to point tp the fact that it is 
only by a pra<'ticid i^lplication to the asbestos of th^ platinising process 
• that one may discovet’ which one variety* of :is1)(!5tos is most suil^ablc 
lor platinising and tllat it ds the physical rather than thp chemical 
condition of the mat wiiich inlluences its condition after platinising. 
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Analyses of mats before and after treatments gave the following 
Jesuits: — 

before Treatment. 

Blue asbestos. VYliilc asbestos. 


SiO, 

55'Tt> 

SiOj 

38-25 

FeO 

17 ’go 

FfO 

9’<)i 


TQ-yi 

MgO 

39 d )4 

Na *0 

7’T() 

lUo 

12 '20 

Sol. in HCl 

7'y> 

Sol. ill II(?1 

*3'»-42 

H.SO, 

1 -oss on ignition 

1*95 

„ IbSt), 

. 58-09 

Blue asb(‘st<is. 

After Treatment. 

While asbestos, 

SiOt 

i 

Si( )., 


FeO 


l-ct ) 


Fe,(), 


I'CjO, 

.172 

NajO 

.S‘4i 

M «0 

^^49 

Sol. in Tin 

ij‘;^o 

H.() 

0’()1 

M HjS ()4 

;m7 

Sol. in IICI 

-\5-74 


Later delivt'ries of asbestos mats have ctuisistt'd of mats of a various 
number of strands (,52, i(>, .iH), .\ll these mats have stood the jdatinising 
process well, and from this, it seems that the number ol si rands of fibre 
which make up the asbt'stos eord is immaterial but that the physica 
quality of the asbestos is all that matters. 

• Method of platinising’. Forty litres of pure distilled \vater ar( 
placed in an enamelled bath. To this is added 1 litic of NiuCO., solutioi 
(containing 2 lb, The whole is healed to boifing point bj 

steam at about io lb. jnessure, and an asbestos mat is th(‘n jdacod ii 
the bath as sof>n as the litjuid boils vigoiauisly. One litie of llCOONi 
sol. (containing i lb. IK'OONa (])ure) per hire) is added. The liquic 
is again brouglit to boiling ijoint and qoo cm. of 10 per cent. IMCl., sol 
(previously made alkaline with WuCO;, sol.) aic poured in slowly. Tin 
mat is moved up and down ibi'ongh the solution tlnas' or four timei 
and then a cover is placed on the bath and the li(|nid allowed to boi 
for a quarter ol an hour. 'Phe mat is then icveisj'd and a fui'th<T aoo cc 
of PtCl^ sol. added and the solution is then kept at boiling point til 
the whole of the |>latinnm is deposited on tlu* mat, and the li(]uid clear 
completely. Tlu' mat is then j-emoved an<l placisl in anolhei enainellej 
bath containing'.djsl'lled water, until 10 mats are com])letcd. Afte 
four or five hours,' the water is run oil and re])laeed by a to per cent 
sulphuric acid wash at a tcmjjcratm-e of .55 jo C. This first acid wasl 
should last about 18 hours, and is followed by a second 10 per cent 
aulphuric acid wash also lasting 18 luairs \it the same temper*atur« 
The ackj treatmert is then followed bv two hot-water washings cad 
lasting 10-12 hours, w^ych j-emove the soluble sul|)hai.es formed durin 
the sulphuric acid tiyatment.’ * 

The mats are then' pldced on, wooden* racks to drain twid dry in 
eurreiit' of air. Afi^r ’jlBying they are readt' to be mounted fo 
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Hakin/;^ in the platinum sliaft. This baking should last five or six hours. 
Aftei baking tin’ eletncni is dismantled and the mats put into pure 
(listill(‘d \vaU‘r and are ]elt there until th(‘y are quite jiliable; after 
whicli they are gi\en a 5 jm*! ('ent. hot liydrochloric treatment (q5'" C.) 
ol at least 12 hoars. 

AI'kt this foll(‘\v,Jvvo liot w’iiirv wnsliings each lasting six houi'S, 
and, fihaDVr on * (old \hiter \va>,li lasting about th(‘ same time. 

The mats are then diain(‘d on racks and spnnkli‘d with cold 
distilled wal«'‘r until the walei draining from tli(‘ mats shows no trace 
of* ' hloride (Ji' siil])lial(*. It i^ im|)<)rlant t(^ test the* distill(‘d vvat(T 
eontimially, loi the jin^senre ol an\’ impniitN’ alU'cl^ the deposition 
and the adheren(( oi the platinum black (*n the asbesto^. It is also 
essi'iilial to ke(‘p the liquid iq) to boiling point thioughoul th(‘ whoh' of 
the platinising process. 

Rc'lyt'dtnuiil ri'nuyi.uil nf utsdiit. Alt(‘r an (‘hinent is removed 
horn lh<‘ i)lant samples from the third and sixth mats are tak(‘n and 
the ]>(‘rt'(‘ntag(' ol As detei mined. Th(‘ mats arc' then gi\’en a 5 j)er cent. 
hydrorhlori(' a('id wash at ()o t . loi six hours. Tlu‘y an* th(‘n waslu^d 
lwi('e in hot watei and fmalK" drained and spia\'(‘d with distill(‘d water 
till the water issuing liom tla* mats show's no trace ol snlphatt* or 
chloride. The mats are then dii(‘d and samples again taken to d(*t(.a‘mine 
the As in the n*t rented mat. 

Heat balance,- nn the section on which e\perim(‘nt?d w'ork with 
the* bnnuTs was carried (nit, ariangenumls wiTc* madi* lor a numbcT of 
^l)e('ial obst'rsatioiis to be* rei'orded, more jiartii'iilarly w’itli regard to 
t(Mn]ieratnres at dilhadit points in (he gas (‘ircailatioii. 

In addition to the oi'dinary continnons rei'ords ol superheater 
(('iniieratnnN. eonipositi(»n ol exit gases, cointasion, iVc., t'ontinuoiis 
readings wen* taker, (d the leinju'ratnn* ol gas(‘s (‘iilering fon'warmers 
lioin oxide ^h.llt^^ l('a\ing loiewaimer lor o.xide eoolei Nos. 1 and 2, 
leav ing oxid(’ ( ooleis Xos. n and 2, enl(*rmg laxit (‘.xh.angiTs from filters, 
leaving heal exehan'geis lor forewarmers, leaving foiewarmers lor siipc'r- 
heateis, leaving platinum shalts lor IkmI ('\chang(‘rs. and hx'iving heat 
exchangers for ]>latimim coolers. Special holes and tubes loi pyromt‘t(TS 
W(*re introdnct'd wIkm'c re(|uir(‘d. 

Working data lor the jieriod Mari'h 2nd to Api'il 2oth, iqlS, are 
shown in llu* ai ('oinpaiiving gra])hs (Mg. Sa). 

The aveiage data lor tin* various teinperalnies and gas conqiositions 
loi tlx* ptTiod I\lar('h 2nd to A]>ril 2nd. an* made iisi* of i/e heat ('akailatioii. 
In th(‘ ('as(‘ ol gas (amqxisitioiis and ('onversions, hourly tests witc 
carried out ovei tlx* whole ol tlx* jK*riod, and in tlx* case of t(‘mp(Tatiires, 
tlx‘.s(* W('re cither eontinnonsly recorded, or n*ad Ifoiirlv. 

lVrit(‘s burnt jx'i 2.( hours, 3-(> tons. 

Siiljdinr ( onteiil of l»nint ore, 5 }ut (vnt. 

Coke burnt in siqu'iixxiter per 2 .\ )xir.rs (^'alori^K' value taken as 
().()oo), I •() tons. ^ ^ . 

MoisUnl* in ;iir ent^ering biirixTs, (»• jo grains p(T (aib. metre. 

Eurner gas, 5-4 jxt cent. S()2, ij*; per ceU. C\ (by vol.). 
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Not: I. Pyrometers m txitsfrom Htaimuth Sffafts were reading mcorrerjdy for the first week of March. » 

Note ii . The .eiy high Sulphur contend! of about*^^ to 6^ Api>i I is to be atlnbuUd to e^good deal of 

%nburnt ore falling ‘Hough bars during the operation 9f removing a nambe^ of clinkers, 
and IS not representative * i 

Note H. Efficiency and Production am shewn weekly, so do not shew so much direct connection ^Ith 
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HEAT BALANCE 


Exit gas, 0*7 per cent. SOj, •i2‘4 per cent. Og (ky vo).), 

Oxide conversion, 40 per cent. , 

Total conversion, 88 -i per rent. 

T(?nii)eraturc of gas lea\'ing oxide shafts for torewariiiet s - 310^’ C. 

"TcinpiTature of gas lea\'ing lorewariners for Nos. i and J 

oxide coolers - - - ^ ^ C. 

Temperatun; of ga.s leaving Nos. 1 and 2 oxidi coolers* for • 

No. 3 oxide coolers ..... 

Temperature of gas leaving No. 3 oxi<le cooler for No.*i 
absori)tion tower .... 

Temperature <»1 gas leaving filt(;rs for heat exchangers • 15“ C. 

Temperature of gas leaving heat exchangers f()r fore- 
wannei s - - - - ‘ - - 240'-’ C. 

'I'eniperatnn' of gas l.'aving lorewariners for snjHTheaters 370" (’. 
Temperature of gas lea\ing superheaters lor platinum 
shafts - ..... 478“ C, 

Temperature of gas leaving ])la.1innm shafts for heat 
e'xchangers ...... ^80” C.* 

Temperature ol gas lea\’ing heat exchanger for platinum 

cooh’rs ....... 230" C. 

Temperature of gas leaving plalimim cooler for No. 

absorption toweis ..... gy*’ (7, 

Ollicr (hilit used. t'al. i)er Kg. 

Specilic heat at constant ]>n‘ssuie of O.^ - - - o‘2l58 

Sp.'ciiie lieat at constant i»ressnre of No - " - 0’2459 ' 

Specilic heat at constant jtressure ol SO., - - - 0'i54..| 

Sjtecilic lii'at at constant ])ressure (gas) ol S().j s- - 0-24 

S|)ei ilic heat of burnt ])\ rites - - 0-2 

('alorilic \ahie of pvrites 2,()i3 Cal. |»er Kg. sulphur burnt. 

(Soinermc'ier, J. .Imer. C/iciii. Soe., 1(114, -*'• .‘i.S.').) 

It has lieeii assuimsl that all snl])hur in the pyrites is prc'si'iit in 
the form of l'eS.j (as tlu' ore contains ..|7 per e('nt. S, it is therelore assumed 
to consist ol 88'- 1 jht cent. b'eS^) ; also that sulphur in the residues is 
jnesent as FeS ; further that the nxiction in the bnriu'rs is according 
to the e(|uation 

■ ll'eS.j ; ii(\ - 2l''e/);, ! SSOg. 

In addition, the weight of the burnt ore residin' is tak('n to be 
75 per cent, of th" weight ol unbnrnt ^lyrites. 

* In till' iMM- ol lliis siftioii the peioineter exlenjled iilong the insiile of tl.r pipe 
I?!iniiK tile |iliitinniii sh.ili. In Ihe iiise of iiri'iilei serlion ninnint; durinK the jK'riod 
over which Hies" ol’>'r. .'tioiii, extend, nndi'i ineci-.ely siniiliir conditions, the iivnntieler 
extended sliiiitiM in ovi r tie.' toiiine'l element ol ]ii;ilini'/ed ,isheitos, ;ind this 'liOWi'd 
a nic'in teiiiiieiatuie ol 5,00 • 

Theie is no doubt but that in the lust rase tlie teiujKi.iluie in the top of the shaft 
itself wa^ about 5(10 ' and that the lower temperature of,t)ie gas in the pipe leaving 
tne shaft was due to leaking of heat a'ong that section of pipe. 
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Burner gas contains 5-4 per cent. SO^ and 13 ‘7 per cent. Oo 
o<-9 per cent. Nj'., 

S burnt per 24 hours = (5-6 x - 47 ) - (.5-6 X -75 x -05) x 2240. 
= 5,425 lb. S. 

= 10,850 lb. SOj. 

. . 358 x Id. 850 

■ ' — 64 “ ~ 60,700 cu. ft. SO2 at N.T.P. 

6tt,7oo X 2,885 

273 — ^ 64,100 cu. ft. SOj at 15-5. 

Nitrogen entering burners — 

80-9 x 64,100 

— = 960,000 cu. ft. N2 at 15-5. 

= 908,600 cu. ft. Ng' at NTP. 

Air entering burners per 24 hours (N2 79-3 per cent.)- 
100 X 960,000 

70 ’3 ~ 1,211,000 cu. ft. air ar 15 -5. 

Vol. gas leaving (N2 86-9 j)er cent.) — 

79-3 X 1,211,000 

86-9 “ i'^" 5 .ooocu. ft. gasat 15-5. 


Vol. of O.,- 


13-7 X 60,700 

- = 154.000 ou. ft. O2 at NTP. 

Weight of O2 — 

32 X 154,000 

“ ‘ ^ - 13,7601b. O2. 

Weight of N2 — 

28 X 908.600 


- 71.000 lb. N.2. 


Thus leaving burners per 24 hours — 

SOj = 10,850 lb. 

Oj = 13,760 lb. 

Nj = 71,000 lb. 

Forty per cent, of SO2 is converted in oxide shafts (including 
conversion in burners themselves, by action of brickwork &c) so 
leaving oxide shafts per 24 hours are — ’ 

6,510 lb. vSO, 

5,430 lb. so; 

12,610 lb. O2 

* • 71,000 lb. Nj 

The ^3 is absorbed in tpwers i and 2, so gases passing from filters 
through heat exch^gers, forewarmers and superheaters to 'platinum 
^ shafts per 24 hours are - . t . ' 

. 6,510 lb. so!, , 
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Over all conversion is 88 •! pljr cent. ; gases leafing platinum shafts 
per 24 hours are : — 

1,290 lb. SO2 
6,520 lb. SO3 
11,320 lb. O2 
71,000 lb. Nj 

These figures are utilised in the following calculations. 

0 (Note. — Any SOj dissolved in circulating acids, and SO5 condensing 
in coolers, is neglected.) , .» 

It is assumed that the average atmospheric temperature is 15° C., 
and for the purpose of these calculations 15° C. is taKen as the zero of 
temperature. 



Heat balance. 


Heat generated 

in C.H.U. 

Heat given up in C.H.U. 

per 24 hours. 

per 24 hours. 

By combustion 

of 

In Nos. I and 2 oxide 


pyrites - 

- 15,800,000 

coolers - - - 

4,619,700 

By conversion 

in 

In No. 3. oxide cooler 

2,113,000 

oxide shafts - 

- 1,529,000 

In Nos. 1 and 2 absorp- 


By conversion 

in 

tion towers acid 


platinum shafts 

■ 1,839,000 

catchers and filters 

1,122,300 

B,y superheater - 

- 29,380,000 

In platinum cooler - 

•3,240,370 


Total - 


'48,548,000 


In Nos. 3, 4 and 5 
absorption towers’ 
and in exit gases - 
In oxide removed 
from burners and 
oxide shafts - 
In moisture ' intro- 
duced in oxide 
In moisture intro- 
duced in pyrites - 
In radiation from heat 
exchangers - 
In radiation from 
superheaters and in 
waste gases from 
superheater stacks - 
In radiation from > 
burners and oxide 
shafts - - - 


Total' - 
Excess 


1.404.330 

72,170 
3,605 
8,500 
656,300 

27,099,200 

- 8,547,000 

- 48,886,475* 

- . 33 . 8.475 
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Calculations 

I. — Combustion of pyrites. 

5-6 tons j)er day containing 47 per cent. S, residue 75 per cent, 
weight of the unbumt ore, containing 5 per cent. S. Calorific value, 
2,915 C.H.U. per Ib,^^ burnt. 

Heat generated ' 

= 5-6 X 2240 X 0-47 X 2915 - 5*6 X 2240 X 0-05 X 2915. 

= 17,170,000 — 1,370,000 C.H.U. per 24 hours. 

= 15,800,000 C.H.U. 

II . — Conversion in oxide shafts. 

SOj + 0 — SO3 gas + 22,600 cal. 

U . 5,413X22,600 ' 

Heat generated ^ 8o~~~ ~ 1,529,000 C.H.U. 

III . — Conversion in platinum shafts. 

Heat generated - — _. 1^839,000 C.H.U. 

W .Superheaters. 

Gas enters superheaters at 370“ and leaves at 478°. Temp, diff., 
108°. 

Heat taken up N^, 71,000 x 108 x 0-2459 = 1,885,000 C.H.U. 

SO2, 6,510 X 108 X 0-1544 = 108,600 

Oj, 12,610 X 108 X 0-2158 = 293,800 


2,287,400 

Superheaters burn 1 - 9 tons ol coke per 
24 hours (cal value, 6,900). 

Heat su])i)li(!d, 1-9 x 2,240 X 6,900 - = 29,380.000 

Efficiency of superheaters — = 7-8 per cent. 

Loss in gases leaving superheater stacks and 
in radiation - - - - = 27,092,600 


V. — Oxide coolers. 

The “ oxide ” coolers are so called because they cool the gas from 
the oxide shafts. 

Gases leave forewarmer chambers at 365" and* leave Nos. i and 2 
coolers at 159“ and No. 3 cooler at 65°. 

Total heat in gases leaving forewarmer — . 

502 6,510x350x0-1544 - - = 351,800 C.H.U. 

503 5,430 X 350 X 0-24 - - =T- 456,000 „ 

O 2 i2„6jo X 350 X 0-2158 - = 952,200 

N2 71,000 X 350 X 0-2459 - - ,= 6,110,000 

‘ e ^ 

Total ‘ - - - ' , 7,870,000 „ 
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Total heat removed by Nos. i and 2 cool^s. Temp, diff,, 
365 - 159 = 206°. 


SO2 6,510 X 206 X 0-1544 
SOj 5,430 X 206 X 0-24 - 
O2' 12,610 X 206 X 0-2158 
Nj 71,000 X 206 X 0-2459 

Total 


- = • 207,100 C.H.U. 

- =f= 268,300 „ 

- = 5k), 800 „ 

- =- 3.598.000 „ • 

j — • 

4,634,200* „ 


. r , 1 4.634,200 X 100 o 

Efficiency of coolers i and 2, — — — 58-9 per cent. 

Heat transference, 500 C.H.U. per square foot per hour. 

Surface of one cooler — 192 square feet. 

Total heat removed by No. 3 cooler. Temp, diff., 159 — 65 = 94°. 


SO2 6,510 X 94 X 0-1544 
’ SOj 5,430 X 94 X 0-24 
O2 12,610 X 94 X 0-2158 
Nj 71,000 X 94 X 0-2459 


94,500 C.H.U. 
122,600 
255.800 „ 

1,641,000 


Total 


2,113,900 „ 


^ XT 1 100 X 2,113,900 ^ . 

Efficiency of No. 3 coofer, = <i5'3 I*r cent. 

» 

Heat transference = 459 C.H.U. per square foot per hour. 

The remaining (7,870,000 - 4,634,200 — 2,113,900) t= 1,121,900 

C.H.U. are lost in the absorption and filter system, the average tempera- 
ture <af the gas leaving the filters being 15°. 

JVo/e.— No account is taken of certain other factors entering into 
heat reaction in the coolers, such as condensation of steam, heat of 
combination of SO3 and HjO and heat of dilution of HjSO^ so formed, 
which are considered small enough to be negligible. 


VI . — Heat exchangers and forewarmers. 

The cold unconverted gases enter the heat exchangers at 15° and 
leave at 240°. The hot gases from the converters leave the converters 
at 480° and leave txif heat exchangers at 230°. 


Heat taken up by cold gases. 


, SO2 6,510 X 225 X 0-1544 
O2 12,610 X 225 X 0-2158 
Ng 71,000 X 22^ X 0-2459 
. ■'» ' 
, Total - •' T 


j = 226,200 C.H.U. 

• - = 612,600 „ 

- =. 3.928,000 „ 

, - • 4,766,^00 „ 


t Min 


I 



34 


IIANNHEIII PROCESS 


Heat given up, by hot gases. 


SOj 1,290 X ,25o X O’ 1544 
SOg 6,520 x '250 X 0*24 - 
Og 11,320 X 250 X 0*2158 
Ng 71,000 X 250 X 0-2459 

; TotalV 


- = 49,810 C.H.U 

- = 391.200 „ 

- = 611,000 „ 

- = 4,364,000'- „ 


5,416,010 


Efficiency, 


4,766,800 X 100 
5,416,010 


= 87*9 per cent. 


Heat transference = 400 C.H.U. per square foot surface per hour. 
Heat lost by radiation from pipes between converters and heat 
exchangers and from surface of heat exchangers = 5,416,010 — 4,766,80c 
= 649,200, or 105 C.H.U. per square foot per hour. 

Forewarmers . — Cold gases enter forewarmers at 240° and leave at 
370°. Hot gases enter forewarmers at 510° and leave at 365'’. 

Heat tahen up by cold gases. Temp, diff., 130°. 

SOg 6,510 X 130 X 0*1544 - - = 130,700 C.H.U. 

Og 12,610 X 130 X 0*2158 - - =: 353,700 „ 

Ng 71,000 X 130 X 0*2459 * * = 2,270,000 „ 


Total 


2,754.400 


Heat given up by hot gases. Temp. diff. = 145 
SOg 6,510 X 145 X 0*1544 - - = 

SO3 5.430 X 145 X 0*24 - - = 

Og 12,610 X 145 X 0*2158 - - = 

Ng 71,000 X 145 X 0*2459 - - = 


145.700 C.H.U. 

189,100 „ 

394.700 „ 

2,531,000 „ 


Total - - . 3,260,500 

_ ' . 2,754,400 X 100 „ 

Efficiency, - = 84*5 per cent. 

Heat transference, 135 C.H.U. per square foot per hour. 


VII . — Platinum cooler. 


The " platinuhi ” cooler is so called because it cools the gases from 
the platinum shaft. 

Gases leave heat exchangers at 230°. Temp. diff. = 230 — 15 
= 215°. Total heat in gases leaving heat exchangers — 


^ SOg -1,290 X 215 X 0*1544 
SOg 6,520 X 215 X' 0*^4 - 
Og 11,320 X 215 X 0*2158 
Ng 71 , 000 ' X 215 X 0*2459 

- Total ‘ 


= 42,820 C.H.U. 

- = 336,600 

- ■ 525.-200 „ 

*= 3.751,000 ' „ 


4,65'5,62 o 
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Heat removed in cooler. Temp, dift., 230 — 80 = ijo®. 


SO, 1,290 X 150 X 0-1544 
SO, 6,520 X 150 X 0-24 - 
0 , 11,320 X 150 X 0-2158 
N, 71,000 X 150 X 0-2459 

Total 


i = 


29,900 C.H.U. 
234,800 * „ 
,357.300 
21619,000 „ 


- T. 3,241, ooi> 


. 3,241,000 X 100 - , , 

• Efficiency, = 69-6 per cent. 


I ' ' 

Heat transference, 704 C.H.U. per sqare foot per hour. ^ 

The remaining 1,414,620 C.H.U. leaving the “ platinum cooler 
is lost in No. 3, 4, and 5 absorption towers and in exit gases. 

VlII. — Oxide removed. 

Eight hundred and ninety-six lb. are dropped from the four oxide 
shafts«per 24 hours, also 5-6 x 0*75 tons oxide are dropped from burner 
hoppers per 24 hours. This is assumed to leave burners at an average 
temperature of 50° C. and the specific heat of oxide is taken as o-2. 
Then heat removed per 24 hours — 5 '^ X 0-75 x 2,240 x o-2 X 35 
-h 896 X 35 X 0-2 = 65,900 -I- 6,270 
= 72,170 C.H.U. 

• IX. — Moisture. 

Moisture in air entering burners 
, = 0-3 gram per c. metre. 

0 * ^ 

lb. per cubic foot. 


453-6 X 35-315 
0-3 X 1,211,000 


lb. per 24 hours.* 


453-6 X 35-315 

Taking specific heat of water vapour as a ’ 4 ^. This vapour leaves 

oxide shafts at 365° C. 

0-3 X 1,211,000 X 350 X 0-46 
Heat removed ^53 -6 x 35-315 

= 3,605 C.H.U. per 24 hours. 

Moisture introduced in oxide (into oxide shafts) which contains 

o-o8 per cent. HjO 

. = 896 X o-ooo8 per 24 hours 
i 0-72 lb. 

Moisture introduced in pyrites (0-085 per cent. HjO) 

= 5-6 X 2,240 X 0-00085 lb. per 24 hours 
= 10-66 lb. , * 

.-. Total water iAtrocJuced in oxide ^d p5uites per 24 hours 
*. =11-38 lb.**ent^g at 15° C. leaving at 365* C. 

Heat fsmoved = 11-4 ^ 85 +.11 -4 x 538 +^^’4 x 265 x 0.46 
= « 7 o ^•6,140 + 1,390 C.H.U.»= 8,500 C.H.y. , 
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X.—Radiatiov. 

An allowance itr radiation from surfaces of burners, oxide shafts, 
and forewarmers exposed to the air can be made only very approximately. 
The walls are (‘If brick, coated in places with a layer of Kieselguhr, the 
whole covered with ^teel plate. 

The tempcraturf varies considerably on the outside, from 105° C. 
outside the lower door of platinum shaft through 85° C. to 55° C. near 
top of oxide shafts. Inside, too, the temperature varies from place to 
place. (The temperatures at different depths in the oxide shaft are 
shown in Fi;’. 8c.) 

It has been assumed that the average temperature inside is 500° C., 
and the average temperature outside is 60" C., further, that transfer of 
heat takes place much as it would were the medium separating the 
inside from the outside a 15 inch brick wall. 

According to Kent, under these conditions, the flow of heat through 
the wall would be 0-3 C.H.U. per square foot per hour per degree 
difference of temperature, i.e., loss of heat between 500° C. and 60° C. 
would be 132 C.H.U. per square foot per hour. 

Total surface of burners, oxide shafts, &c. (including hoppers in 
cellars) exposed to air in one section = 2,694 square feet. 

Total loss of heat per 24 hours = 132 x 2,694 x 24 C.H.U. 
= 8,547,000 C.H.U. 

Conclusions . — Heat losses in the heat exchangers and from burners 
and oxide shafts are not excessive under the circumstances, being 105 
and 132 C.H.U. per square foot per hour respectively. The greatest 
loss of heat., occurs in the superheater; it would be possible to diminish 
this somewhat by lagging the superheater, but it is very questionable 
whether the saving of heat would repay the cost of installation. 

It is most striking that the heat taken up by the gases passing through 
the superheater pipes is only 2,280,000 C.H.U. per 24 hours, whereas 
the gases leaving, the forewarmer chamber carry with them 7,855,000 
C.H.U, per 24 hours, and those leaving the heat exchangers carry 
4,644,700 C.H.U. per 24 hours, all of which is waste heat, to be dissipated 
in the coolers, absorption towers, &c. 

If little over 18 per cent, of this waste heat could be imparted to 
the purified gases before entering the platinum shaft, it would be 
possible to do away with superheaters altogether and to run regenera- 
tively. It is true that the temperature to which it is desired to bring 
the gases (480° C.) is very near the temperature above the topmost 
element in the platinum shaft (500° C.), and no doubt, in the existing 
plant, suitable alterations would be so difficult and costly that the 
attempt ^Vould not be feasible, but if the design were altered in some 
way such that the entenng. gases could be passed round and between 
the platinum elements, with an arrangement foi by-passing, so that 
the quantity brought in contact with the phtinum chamber could be 
varied at will, there is little doubt that not only could more waste heat 
be utilised, but also that a new factor for controlling the temperature of 
the platinum shaft would be introduefedr, 1 wlifch would be ‘ easieu to 
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Operate and much more rapid ih effect than a superheater fire, with the 
probable result of marked improvement to conversicto. 

If the Fig. 8b showing oxide shaft temperatures be glancecj at, it 
will be seen that half way down the oxide shaft* temperatures in the 
neighbourhood of 700° C. are obtained : if a ^portion, of the purified 
gases were arranged to pass through pipes well down in ^he oxide shafts, 
it should be readily possible to raise the mean temperature of, the^ gases 
entering the platinum shaft to the desired point.* Possibly it* would be 
easier to run regeneratively if more pyrites was burnt per 24 hours. 
(Accounts have been heard of other plants which burn to 10 and 
12 tons per 24 hours, but hitherto attempts to increase the amount 
burnt to any extent by speeding up the main fan, have hpen singularly 
unsuccessful.) * 

As has been pointc^d out, the ratio of SOg to platinum on the Mannheim 
plant is a very high one.* With mats each carrying 24 grains platinum 
(1,440 grams or 3- 17 lb. to the section) and a gas which carries 6,500 lb. 
SOg through the platinum shafts per 24 hours, the ratio of SOj per hour 
to platinum is 85 to i. 

T his is about the maximum figure at which the Mannheim plant, 
as at present designed, can be run, and the optimum temperature would 
appear to be in the neighbourhood of 500" C. 

There would seem to be good reason for increasing the proportion 
of platinum in the Mannheim unit, both to secure a higher maximum 
• conversion, and a lower optimum temperature, when without doubt ^ 
the plant, with some alterations, could be run regeneratively. It is 
highly desirable that a converter be arranged to cany th^ platinum, 
ih some form other than platinized asbestos. 

The unsatisfactory nature of the asbestos mat has been referred to 
as well as the great waste involved in the re-treating process. 

• The experience gained in the Mannheim and^Grillo plants using 
asbestos mats and granulated magnesium sulphat(? respectively as the 
carrier of the platinum showed great advantage in favour of magnesium 
sulphate and in ease and economy when flie contact mass had to be 
retreated. 


Method for calculating the percentage conversion and the 

PERCENTAGE COMPOSITION OF THE BURNER GASES FROM THE PER- 
CENTAGE OF OXYGEN AND OF SULPHUR DIOKIDE IN THE GASES 
AFTER ABSORPTION OF THE SULPHUR TRIOXIDE 

In the Mannheim plant the use of the method employed in the 
Grillo plant for «determining the percentage of conversion of SO2 into 
SOj is open to the objection that it is very difficult to obtain ,a fair 
sample ‘of the burner gas entering the, ferric oxide converter. This 
difficulty is avdid^4 in the following alternative method of deducing 
thS percentage of conVersien ,and also the percAitage of SO^ in the 
burner gas, from a.deterniination of the jiercep^age of SOj and Og in 
the gasgs*lbaving the cpnyerter. • • 
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( In applying thjs method the percentage of SOj in the gases leaving 
the converter may be determined as usual by Reich’s method. To 
determine the percejitage of oxygen a portion of the gas leaving the 
converter is freed from SOj and SO3 by passing it through some suitable 
reagent such iodine' and caustic soda, and the percentage of o.^ygen 
is determined in the residual gas. This percentage after correction to 
the dry state and for\iemperature and pressure if necessary, is multiplied 
by (ioo-’[jer cent. SO2) when the percentage of oxygen in the gases 
coo 

leaving the converter is obtained. In both cases the presence of ^ 0 , 
in the original gas is ignored, as the SO3 is liquified at once in contact 
with water v'apoiv and does not affect the measured volume. 

In the following study formula; are developed for calculating the 
percentage; conversion of sul])hur dioxide to sulphur trioxide from the 
amount of oxyg(;n and sulphur dioxide found in’ the exit gases from the 
Mannheim plant. 

As far as is known these formulae have never been worked ouj; fully 
before. The method is used on this plant and seems to be the only 
successful technical method of getting the conversion over a period. 
The accuracy of the method of course depends on how nearly the equation 
4FeS2 + iiOj =- aFcjOj SSOj expresses the reaction taking place in 
the burners. There seems to be no data on this point, but it is at least 
certain that the method of determining the conversion is as accurate as 
any other that has been tried at Queen’s Ferry. ‘ 

These formuhe enable the percentage conversion of SOj to SO3 and 
the percentage of oxygen and SO2 in the burner gas to be calculated 
from an analysis of the exit gases. 

In the case of .sulphur being burnt to supply SO2 the formulae given 
would b(; exact if tlu; sulphur were pure ; this is very nearly approxi- 
mated to, usually, as the sulphur burnt does not contain niuch 
combustible impurity and incombustible impurities do not matter. 

In the case of pyrites the formulae would be rigidly true if the 
pyrites ))vcre pure FeS2 and burnt to Fe20g only. Pena pyrites is fairly 
pure, so inaccuracies due to impurities are small, but there remain those 
due to (1) FeS, Fe304 and, perhaps, FeO; and (2) FeSOj, being in the 
cinders, (i) and (2) to some extent compensate one another, but (2) 
always seems to preponderate so that actually it requires more oxygen 
to produce i vol. SO2 than is given by the equation 4FeS2 + iiOj 
= 2Fe203 H- 8SO2. 

There is no data available regarding the actual Ftelation of oxygen 
to SOg, but it is believed that the formula given is not far wrong. The 
tables have been calculated on this formula. If “f” be greater than 
I • 37,5 the Conversion and the SOg given by tBe tables will be greater 
than the true values. The fojTnula may, of course, be used to determine 
the conversion in the oxide shaft on the MannljeiAi plant, the gas 
analysed being, in this case, that leaving^ t^ filt 4 a:s. - 

All formula assume complete absorption, of SOg.* Except in abnormal 
cases this is so nearly the case as to mkke the eijor due to it inappreciable. 



CAlCUUTtOK 6]^ CoKVliKdldM 


i9 


Con^der lOO voU. of air passing into the bumei| : — 

Let f = vol. oxygen used up in the production of i vol. SO,. 
„ X = vol. SO, in gas passing from the tfumers. • 

„ y = vol. SO, converted into SO,, r 
„ a = percentage SO, in gas analysed 
„ h = percentage 0, in gas analysed. 

Then percentage conversion = loo yjx. 

In the Burner Gases ; — 


Vol. 0 , used up - 
Vol. 0 , remaining - 
Vol. of 0 , fixed as FegO, 
Total vol. of gases - 

.-. Percentage SO, in burner gas 
Percentage 0 , in burner gas - 


= 

= 21 — rx, 

= rx X ^ X {r — t). 
= 100 — X {r — i). 

100 a; 

~ 100 — X {r — i)' 
100 (21 — rx) 


a = 


~ 100 — X (r — i) 

After conversion and absorption of the SO, we have — 

SO, converted and absorbed - =y. 

Since i vol. of SO, requires ^ vol. of O, to convert it into SO,, 

the additional 0, used up - = y/2. , 

.•. Vol. 0, remaining - - = 2i — rx — yjz, 

.-. SO, remaining - - - =*— y. 

Since 2 vols. of SO, combine with i vol. of 0 , to form 2 vols. of SO,, 
the total vol. of gases - - = loo — x (r — i) 

100 (x — y) _ 100 (21 — rx — yjz) 

100 — X {r — i) — 3y/2 loo — x {r — i) — 3y/2 

, From these equations we obtain : — 

2x{ar — « H • loo) + y {3a — 200) = 200a 
ax{br — b~ ioof),+ y (36 — 100) = 2006 — 4,200 

Eliminating y 

200a (36 — 100) — (2006 — 4,200) {3a — 200) 

* ^ar — a 100) {3b — 100) — 2 {br — b — loor) (3* — 200) 
4,200 + 37 g — 200^ 

“ (100 — a — 6) (i + 2r) 

Eliminating * 

_ 20Da,(6r ~ b — lo or) — (2006 — ^,200) {ar — a -{■ 100) 

^ ~ (3^-^ 200) {br — b — lOOr) — (3b — 100) (ar — a + 100) 
4,2cib — 2f (21 + 79r) — 200& , 

~ (100 — a — b) (1 +2r) * * 

1 . • t . y _*^J4>200-2a(2Z+79f’)-200b' 

^ Pfercentag^ conversion = 100 - - 4,^00 H- 37a - 200b 


Xt 


79a (1 + 2r) n 
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Percentage vSO^ in burner gas = (y _ j) 


^ 100 r - 

' Lio( 


4,200 + 37« — 200& 


TOO {142 + isSr ) 


— ^oofc] 


(21 -- rx) 


Percentage 0 , in burner gas = 100 , 

• ■ , \ 100 — (r - 

2,100 — a (21 + ygr) 


3fl (21 + 79 >') - ,3006. 

i) 


100 


-100 (142 + 138^) 


— b (21 - l58f) -j 
3rt (21 + 79r) — 300b J 


' Burning Sulphur . — When the source of SO.^ is sulphur, we have — 
Ojj - 1 - S •- SO2 

r = I 

,, , . . r4.200'- 200fl — 2006-1 

Percentage conversion — 100 ^ , 

1-4,200 -|- 37« — 2000J 


— 100 [^i 

Percentage SOg in burner gas — 
Percentage O, in burner gas — 


_ 2370 • 

4,200 + 37fl - 2006 

4,200 + 37« — 2006 
3 (100 — a — b) 

2,100 — loofl X 1376 
3 (100 - -a -■ b) 


Burpiu^ /)vr//cs,-- When the source of SOj is pyrites, assuming that 
is pure FeS, and combustion is to FcjO, and SO^ only we have : — ' 

iiOa -1. 4KeS<. - SSOg -1 aFe^ 
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Percentage conversion* = 100 

— 100 


ri6,8oo — i,037« — 8006-1 
Li6,8oo -|- 148(1 -- 800 J 

ySSfl ■ 

16,800 4- 148(1 — 8006 



Percentage SOj in burner gas = 
Percentage Oj in burner gas = 


100 [2 / 16,800 -b 148a -800 6 \-| 
1-3 \95,8 oo — i,037fl — 8006 /J 

100 [I /16.800 - i.037g -H i,570^ \1 
1-3 \95.806' — 1,037« — 8006 )} 
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Graphs for calculating percen-sage conversion of sol^hur dioxide* 

INTO SULPHUR TRIOXIDE, AND PERCENTAGE OF *SUL^UR DIOXIDE 
IN THE BURNER GAS ACCORDING TO THE PRE^DING METHOD BY 

Professor Wilsmore ^ 

Ift applying the method to cases where the SOj is Obtained from . 
pyrites, there is some uncertainty concerning the, volume of oxygen 
used up to produce one volume of SOj. The ideal (y)mbustion o£ pyfites 
is expressed by the equation 

• 4FeS2 + iiO, = aFeA + SSOj 


but in practice some sulphide will be left in the cinders, whilst, on 'the 
other hand, some sulphate will be formed ; it is assumed, hdwever, that 
these sources of error will in general be mutually compensating as regards 
the consumption of oxygei;. If this be admitted, the equations when 
applied to the analysis of the gases from pyrites may be reduced to the 
following simple forms, which have been used for the graphs. If a is 
the percentage by volume of .SO^ and b thaf of oxygen in the gases 
leaving the converter (assuming the SOj, to have been removed), C the 
percentage of conversion and .S the percentage of SOj in the burner 
gas, then 


(I) 


= 100 ^1 


i-48i« 


21 + o-iSsa — 


P 



S = 100 


/ 21 i- o-i 85 a -b \ 

U79'6 - i'944a — i*56/ 


Data for plotting and checking the graphs. 

I. Percentage of conversion. — Equation (i) may be written in the 
form^ , 

(i - C/ioo) = 1-481/Q 

in which Q = (21 + 0’i85« — 6*). The calculation, therefore, .consists 
of two operations, the first being to find the value of Q. The two a 
axes and the b axis must be parallel, but their distance apart and the 
scales used are merely matters of convenience. If the scales (namely, 
the number of units per unit of length) on the left-hand a axis, the 
b axis, the Q axis and the right-hand a axis are denoted by Sj, Sj, Sj 
and S4 respectively, then S3 must equal (s^ + Sj) aqd the distances of 
the Q axis from the left-hand a axis and the b axis must be to each 
other as s^ to Si. The left-hand a axis, as it represents a positive 
quantity m the denominator, is graduated downwards. The b axis 
representing a negative quantity in the denominator is graduated 
upwards. As Q is also in the denominator £yid is positive,* its sqgle, 
if fJlotted,* would run downwards. • 

In usiag the grtiptj (Fig. 9) the actual values of Q are not wanted, blit 
as inT>ractice it is convenient tp liave a scale on the ^ axis for reference, 
any decimal scale may be |^d oj on it. ,As tl^ right hand a axis 
represent? a*positive quapt^ty in themumerator, its scale mustt»e plotted 
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, upwards, al^a a must be plotted on the left-hand scale as o-iB^a, and 
on the right! hand scale as i'48irf. The C axis is drawn from the zero 
of the right-hand ^ scale to the true zero of the Q scale. If, however, 
the latter point is l)eyond the scope of the drawing board, an inter- 
mediate poiijV on thi C scale, say, that for C = 30 per cent., may be 
found graphically from two corresponding pairs of values of d and b 
taken from the table below. The other chief points on the C scale may 
be found in' the same way. If the length of the C axis can be accurately 
measured^ the chief points on it can also be found from the relationship ; — 

djSfh - S3) 
sjl -f S3 

ci 

in which z is the distance of the point required from the centre of the 
(' axis, d half the length of that axis, Sj, and S4 the scales of the Q and 
right-hand a axes respectively, and h = (r — C/ioo). The C scale not 
being uniform, the smdler divisions on it must be inserted by projection 
from a decimal scale. 

In this graph. Fig. 9, .Sj = 0-05, .Sg = 0'25, and = o 3 units 
per cm. Consequently, .Sj - (.Sj -| .s'g) — 0-3 units per cm. As the 
b axis has been placed 24 cm. from the left-hand a axis, the Q axis 
is 20 cm. from the latter axis and 4 cm. from the b axis. The position 
of the zero point of the Q scale (not that of the arbitrary cm. scale actually 
plotted) is readily found from the corresponding sets of values {a = 0, 
h 17, 0 4) and {a — 6, b - 7, g ^ Thus a straight line 

joining 6 on the left-hand a axis with 17 on the h axis will cut the Q axis 
at g -r 4, and similarly a straight line joining 6 on the a axis with 7 on 
the b axis will cut the () axis at 0 - 15- u. 


Table for checking graph of percentage of conversion. 


a 

t 

h 

C 

a 

h 

c 

() 

9-42 

30 

I 

16-25 

70 

4-15 

13 

30 

2-74 

8 

70 

5 

9- .58 

40 

I 

13-78 

80 

4-82 

10 

40 

1-25 

12 

80 

3 

I2’67 

50 

0-3 

16 ‘Oi 

90 

3 -96 

10 

50 

0-62 

12 

90 

3 


60 

O'O 

? 

100 

171 

15 

60 





II. Percentage of SO^ in burner gas . — Equation (2) may be written 
in the form — 

S/ioo — g/P j 

in which Q —-(21 -f o-iSsfl — b) 

!» ( ' 

and P = (^79-6 — i*944fl — 1-5/)). 
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The graph (Fig. lo) in this case is similar in type to th^ previous one • 
except that P and Q must both be found before proceed^g to find S. 
In the numerator the scale chosen for a is o* i and tbM for 6 0’5 unit per 
cm,, a being plotted as o- iS^a. The scale of Q is thereforfy o-6, and the 
distances of the Q axis from the a and h axes respectively, are to each 
other as 5 to i. In the denominator a is plotted as i‘944a and b as, 
l'5&, the scale in each case being 0-5 unit per cm.’ ITie scale of P is* 
therefore i unit per cm., and the P axis is midway between the a and 
b ajXes. Subject to the above conditions the relative position of the 
various axes is merely a matter of convenience, but, with the exception, 
of the S axis, they mu,st all be parallel. The actual scales of P and Q' 
are not required, but for convenience of reference, centiilictre scales 
have been plotted on their axes. The S axis is part of a straight line 
joining the true zeros of tbe P and Q scales. The position of the zero 
of the Q scale may be found from the sets of eorresponding values 
(a = 0, 6 = 17, Q = 4) and (a = 6, 6 = 7, Q = The zero of 

the P axis will not be readily accessible, but its position and the slope 
of the S axis may be estimated as fffilows : — 

Draw a base line through the zero of the Q axis at right angles 
to the P and Q axes. Find two points on the P axis from the two sets 
of corresponding values (a = 0, 6 = 7, P = ibq-i) and (a -- 6, t = 17, 

P = 142*4). From the position of these joints relative to the intCr- 
, section of the P axis with the base line the height of the zero of the 
P scale above the base line is readily found, and this height divided 
by the distance apart of the P and Q axes gives the tangent of th^ angle 
of slope ol the S axis. The chief points on the non-unifornf S scale 
may be found graphically by means of the following tabic. The smaller 
• divisions must be inserted by projection from a decimal scale as previously 
described. 


Table for checkifii’ graph of percentage of SO^. 


a 


S 

• 

a 

11 

•• vS 

I 

16 -60 

3 

4 

12-58 

6 

I 

14-98 

4 

0 

9-42 

7 

0 

14-70 

4 

4 

10-84 

7 

I 

14 

4-59 

0 

7’53 

8 

0 

13 

5 

2 

6-30 

8 

2 

12-59 

5 

6 

9'K5 

8 

0 

11 *24’ 

() 





A convenient cursot for reading these graphs is made, by ruling 
a hne with a needle on a strip of celluloid, for Example, a strip of Kddak 
film from which thcjgelatine has been removed. The line will be more 
distinct if it is inked c/'cr }vith Indian ink, the K^xcess of ink being 
removed (after drying) with i slightly damped cloth. To obtain sharp 
readings the niled line should face tjie graph. '* 
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GRIUiO GLEDM FLAIIT 

General p'atline and description ol plant.— The Grillo plant was 
designed for the use of sulphur as raw material instead of p5nites on 
accpunt of the lesser demand made on skill in burning and also of the 
saving in freight. The plant, however, can be easily adapted for using 
P5n:ites by replacing the present sulphur burners % suitable burners 
for p5Tites and slightly increasing the gas purification system. 

, The sulphur dioxide formed by burning sulphur in air, is passed 
after purification over finely divided platinum supported on granulated 
anhydrous magnesium sulphate and is converted into sulphur trioxide 
which is absorbed in sulphuric acid, and strong sulphuric acid of any 
desired strength or oleum up to 20 per cent. 6f free SO3 is produced 

The j)lant was built in so-called double units, each double unit 
capable of producing 50 tons of SO., per day. At Queen’s Ferry five 
double units were erected. Fig. ii shows the general arrangefnent of 
that installation. 

The sequence in which the various parts of the plant come into 
play and the course of the gases through the plant are as follows 
(sw Fig. 12). 

Sulphur is charged into the cast-iron burner pans and there burned 
to SOj, which, mixed with 90 per cent, of air, passes from the burner: 
to the burner flue and heater cooler in succession. The latter serves as 
a dust chamber ; this is not an important function when burning a com- 
paratively pure raw material such as sulphur, although it is of primary 
importance .when burning pyrites or blende. The gases then pass to the 
SO2 coolers, where they are cooled to atmospheric temperature. In the 
sulphur burners some SOj is converted to SO3, usually about 2-5 per cent, 
of the total ; this combines with the water in the gases, undried air being 
used to burn the sulphur, and along with undeposited dust forms 
sulphuric acid and sulphuric acid mist, 10 per cent, of this is condensed 
in the SO, coolers as H2SO4 of 65 per cent, strength. From the latter 
the gases pass to Nos. i and 2 filters in succession, these take out 
40 per cent, of the mist, referred to above, as HjSOj of 55-60 per cent, 
strength. Then follow three sulphuric acid drying towers and three 
more filters. On leaving the last of these, the gases .should be optically 
free from mist or fog. They then enter the pressure equaliser and the 
blower; the former, by an arrangement of baffle plates, absorbs the 
pulsations of the latter and prevents the vibration*' being carried to the 
lead filters, the blower provides the driving force for the plant ; up to 
this the latter is under suction and from thi^ point onwards is under 
pressure. ‘ , 

Following the blower is- another coke filter, ^the object of >vhich 
is to catch any grease or residual mist in the ,gasci These then enter 
the heat exchangers where they are heaff,d by the hot gases from the 
converters. Afterwards they pass backwards again, to , the heater 
cooler, this time beii\g inside the tubes, ^hi^h aft heated by the gases 
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direct from the burners. They •'should here receive endugh heat to* 
enable tltem to reach the converters, hot enough to staT| the reaction 
aSOj + 08 = aSOj, but should this not be the (^se they are jJassed 
through the preheaters, which are the ordinary type of fire*heated tubes, 
beforo going into the converters. After leaving the latter the gases 
go tiirough the heat-exchangers, this time outside the tubes, the ^3 
coolers, the absorption towers and into the atmosphere. The absorbing 
acid and oleum go through coolers, circulating taifks, stock tanks, and 
thep to storage. Feed acid is added just as the absorbing 4 cid leaves 
the towers and before entering the coolers. •» 

Baw material.— Sulphur from Louisiana, Sicily and •Japan was 
used. It is important that the sulphur be free from arsenic, selenium, 
and the halogens, or else that these impurities be not present in larger 
amount than can be safely treated in the purification system of the 
plant. 

As it is required to run the plant regeneratively, however, that is, 
without ‘the use of fuel for heating up the gases, it is necessary to have 
a fairly pure sulphur in order to obtain sufficiently high temperature 
to heat up the gases to the proper degree before entering the conversion 
vessels. 

The analysis of an average sample of sulphur is as follows 


Per cent. 

Sulphur (by difference) - - - - 98-950 

Moisture - - - * - - o-^p 

S6dium chloride - - - - - 0 • 002 

Ash 0-310 

Insoluble in chloroform (other than ash) - 0-320 

Arsenic 

Selenium - - - - . . - — 


• . 100 -qoo 

The only dangerous constituent in the above is sodium chloride ; 
the quantity is, however, small, and when this is decomposed in the 
burners to flCl and Clj the purification pla.nt is quite capable of washing 
it out, the working limit of sodium chloride in the sulphur is 0-02 per 
cent. • 

Practically all the sulphur is burned off in the burners, and there 

is no loss from this sodree, the ash residue usually contains 

^ Per cent. 

Sulphur • . - - - - 0-001 

Sodium chloride - - * * ■ - 0-002 • 

As thrash is ofll^.o-S per cent, of the total it is obvious that almost 
the whole of the sodium chloride is decomposed also. * 

Varieties 0! acid pfodueed.-^Generally acftl containing 98 per cent, 
HjSO*, and "oleum contaifliri ?o per tent, free SO, were produced, ^ 
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' In the formefr case the sulphur tnoxide is absorbed by 98 per cent. 
H2SO4, which is pumped continuously to the tops of the toWers and 
distributed over the quartz. The acid as it flows down the towers 
dissolves the sulphur trioxide from the ascending gases and increases 
in strength. After reaching about 100 per cent. H2SO4 it is reduced in 
strength to 98 per cent, again by the addition of water or weak sulphuric 
acid, cooled and pumped over the towers again. As the quantity of 
acid is continually increasing, a regular quantity of 98 per cent, acid 
is pumped away for use or storage. The greater part of the sulphur 
' trioxide is absorbed in the first tower of the series, the 'second and third 
acting as wash towers. Acid containing g8 per cent. H2SO4 is used 
for absorption Ixicause suljfliur trioxide is most soluble in sulphuric acid 
of this strength. 

When oleum, which is a solution of SO^ in H2SO4 is required, the 
first tower is used for this purpo.se, the second and third acting as 
wash towers as before, the acid running from the first tower must therefore 
be isolated from the acid from the other two. Part of the acid from the 
second and third towers is allowed to gravitate from the first circulating 
tank to the second and from the second into the third at the base 
of the oleum tower ; in this tank it meets oleum containing about 
26 per cent, free SO., which is running in from the oleum tower, the 
two mix with the 20 per cent, oleum already in the tank to make more 
20 per cent, oleum. Part of this runs in a constant stream to storage 
and represents the make. This run-off is also the cause of the gravitatiofl 
from ^he first two tanks. 


Dkscription of Tim pi-ant 


P'or convenience of description one unit may be divided into the 


following sections 

I. Suljihur store. 

, 2. Sulphur burners. 

3. Heat cooler. 

4. Sulphur dioxide cooler. 

5. Coke filters. 

6. Scrubbers. 

7. Suction equaliser. 

8. Blower. 


9. Crease catcher, 

10. Heat exchanger. 

11. Heater cooler (inner tubes). 

12. Preheater. 

13. Converter. 

14. Sulphur trioxide cooler. 

15. Absorption house. 
lO. Storage tanks. 


(1) Sulphur stores.- -Sulphur is conveyed in railway trucks from 
the docks to the sulphur stores ; it is there discharged by hand on tc 
an iron grid with bars 4 inches apart, this is to prevent large pieces 
getting through, the fall of the sulphur on to the grid is sufficient tc 
teeak the largc’r pieces', all go through on to an endless rubber jiel 
conveyer which carries the ‘sulphur to an elevatcr, the latter deliver 
it to another rubber belt conveyer and froip. this the sulpnur fan b 
tipped into any part of the store ; this ife built of steel and corrugata 
iron witt a concrete floor, ^nd can be of any' dinfiensions ; the sides ar 
built at the angle of repose for greater eqofypitiy ; bogey tracks are lai 
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at convAient^ distances, trolleys are brought in,contunmg empty 
scoops, these are loaded with a known weight of h^lphur, and wheeled 
back to the sulphur burners. ^ 

(S!) Snl^nr bntnen (Fig. 13 ). — Each unit has one battery of 12 burners, 
each capable of burning 90 lb. of sulphur per hour. ' • . ' 

The burners are cast-iron pans 7 feet by 3 feet, 6 inches* by finches 
deep, which are set in brickwork and have a charging door at, the front 
containing an aif slide for regulating the amount of air drawn in. , 
Two arches of fireproof bricks are built over each pan and above the 
upper arch a short* vertical flue of chequered brickwork 'which runs 
into the main horizontal flue into which all the .separate burners discharge. 

A charge of sulphur is .generally about 75 lb. ; each scoop contains 
half a charge ; two scoops are charged to each burner per hour, so with 
12 burners 900 lb. of sulphur are charged per unit per hour. 

The sulphur melts in the hot pan and partly burns and volatilises ; 
the sulphur dioxide gas and sulphur vapour pass to the rear of the pan 
under the lower arch then rise to the upper arch, ixiss under it and rise 
through openings at the toj) into the chequered brick chamber and then 
enter the main flue connected with all the burners and return through 
a back flue on the same level to the heater cooler. 

Secondary air for the combustion of sulphur vapours enters from 
Uie hot air flue before the gases pass into the chequer work. 

The burners are lagged to conserve as much heal as possible. 

The pans and burners work very efficiently and retain then’ heat 
for several days. The plant can bo shut down for five days and still 
leave the burners sufficiently hot to re-start burning the sulphur. In 
•order to have a regular percentage of sulphur dioxide in the gas, which 
is necessary to secure good conversion, it is essential ^hat the charging 
of the burners be systematically performed. 

Sublimation . — When the burners are charged at the rate of 75 lb. 
per hour with sulphur containing up to 2’0 per cent, ash, it is usual 
to clean them every three or four days, fhis is done by merely opening 
the burner door, after the charge has burnt off, and raking put the ash 
into a barrow placed beneath, each burner is done in turn, the time required 
for each one being about five minutes, i.e., 60 minutes for the unit. 

When the ash is completely removed the sulphur burns away very 
quickly and tends -to give irregular percentages of SO^, this is corrected 
by only partially cleaning the pans, i.e., by leaving a thin l^er of ash 
on the bottom to insulate it and so slow down the rate of combustion. 

Recently an attempt 'was made to reduce the inconvenience ot 
burner cleaning by allowing the ash to accumulate until the pans were 
quit%full, ijjz., for 20-30 days; by this means very regular burning was®* 
obtained, but after about eight w’eeks the percentage conversion began 
to dec^ease^ for various reasons the above practice ^might have been 
responsible and a return was made to the older method. An attempt 
•was made later to prdve wl^flier or not the decreased convers\pn w^ 
due to the Accumulation of ^sb- Tliis consisted ip sel^ting a unit wim 
very high conversion, ^d allowing the ash to remain as before.^ Mp 

• • IttTZ ® 
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(8) k8tei\Vool« w dot The functions of this part of the* 

plant are^ < * 

, {a) STo cool down the hot gases from the^lAimer^; 

(b) To heat the cooled purified gases previous to conversion; 

^ (c) To collect the dust carried forw'ard t>y the burner gases. 

This is a brick chamber 23 feet 6 inches long }jy 18 feet wide by 
10 feet high, divided longitudinally into two separate compartments 
by an 18 inch wall. Each compartment contain^ three rows of eight 
U .pipes, 5 inch internal diam. round which the hot imfiure gases 
circulate before Being led away to the SO2 coolers. Purified gases pass* 
through the U pipes in the heater cooler oi\ their way to the converter, 
and receive heat from the hot impure gases which require cooling before 
purification. 

Each compartment is connected to the burner flue, and the impure 
gases leave by a brick flue which has two up-takes, one for each set of 
SO2 coolers. At one factory it was considered that the cross-sectional 
area of the pipes was too small and should be increased. 

The chamber is insulated by cavity walls, the cavity being filled 
loosely with slag wool. Stagnant dust pools, to prevent the fine dust 
from .being caught up again in the current, were made by building 
9 inch wall, 18 inches high, at right angles to the direction of the current. 

The impure gases leave the dust chamber and enter the coolers 
,?it about 290° C. 

Fig. 14 gives a side and end elevation, showing the two compart- 
Nnents, the low wall forming the dust pools, and the U pipes. 

(4) Sulphur dioxide coolers (Fig. 16). — ^These coolers consist of two 
series of 20 vertical lead cylinders, 20 inches diameter by 13 feet 
6 inches high, the bottom bends are supported on carved wooden blocks 
fixed inside a trough which is permanently filled wjth running water. 
This water is sprayed uniformly round the first four cylinders at the 
top in each series, runs into thck trough and then away to the drain. 
Care must be taken to keep the water continually sprayed on to these 
cylinders, otherwise the lead would soften and collapse; this once 
partially occurred owing to water ceasing to flow through the main. 

The hot gases entering the cooler pass downwards through the 
first header into the bottom of the second header, up the pipe, across the 
branch connection at the top, and down the next header, and so through 
the whole series of 20 pipes. The cooled gases finally pass from the 
top of the last pipe into a 30 inch diameter lead delivery main leading 
into the first filter. 

The duties of thpse coolers are — 

{a) To cool the gases down to atmospheric temperefture 
“(h) To condense as much acid mist as po.ssible. 

^ach*header is supplied at the side with a blanked flange top and 
bottom, which can be easily removed and t^e headers clesmed by means 
of a hosepipe. At the bettpm of each cylinder a lead drain pipe, i inch 
diameter, ‘leads to a leadep qatch-pot, the outlet of which dehvers the 

ut 
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• condensate to a inch lead pipe running ^ong each si<^ of ^e cooler 
and carrying condensed acid to a small Pohle Uft, which'removes it for 
concentration.. • 

On the last header of each system an opening, 9 inches by 6 inches 
provided with a sliding cover, is used for admitting air to dilute the 
gaS from between 10 and 12, to 5 per cent, of SOj, which is the best 
cpncen+ration. About 10 per cent, of the mist and sulphuric formed in 
the burners is deposited in the coolers as 70 per cent. H2SO4. 

(5) Coke filters (Pigs. 16 and 17). — ^There are five rectangular boxes, 
30 by 12 by 10 feet, made of 8 lb. lead, lined with acid proof tiles, and 
filled with graded coke laid on a brick grid. The specification for coke- 
filling is as follows : — 

24 inches of 4 inch to 6 inch coke. 

12 inches of 4 inch coke. 

12 inches of 2 inch coke. 

4 inches of i inch coke. 

48 inches of J, to inch coke. 

20 inches of free space. 

In the 20 inch space oyer the coke-filling, two i inch lead pipes, 
perforated on the under side with J, inch holes are fixea in order to 
flush the filter with acid for removing moisture or for freeing the filter 
from frozen acid when occasion arises. A hole, 12 inches diameter, 
is cut in the top of the filter and is provided with a glass cover easily 
removable for the purpose of observing the nature of the gas in the^ 
filter. 

The filters are fixed on brick piers 5 feet high to allow the sulphuric 
acid which condenses in them to run first into a collecting launder and 
then into a small tank with pump attached. The gases from the 
SOj cooler pass int(. the top of the first filter and down through the coke 
and issue from the bottom, whence they are conducted through a wide 
lead pipe, 30 inches diameter, to the lop of the second filter, and from 
it to the first scrubbing tower. These two filters are very efficient, 
and condense 40 per cent, of the acid and mist formed in the burners; 
this runs out through a lute into the launder in a steady stream of 
60 per cent. H2SO4. The coke is always wetted by the condensation of 
this acid. Any sublimed sulphur which has escaped oxidation is 
deposited on top of the coke in the filter and can be removed when 
necessary. 

(6) Scrubbing towers (Figs. 17 and 18).— Three in number, 12 fept 
square and 27 feet high, are built of 8 lb. lead supported on wooden 
framework. The inside is lined with acid proof tiles and filled with 
graded coke as in the filters, except that the smallest size is i inch. 
The lead casing extends to within 3 inches of the 16 lb. lead saucer at 
the base, on which the grid carr5dng the filling stands, and is left free 
to allow for any " creeping " of the lead. The brick chequer work at 
the bottom is so constructed that the gases entering the bottom of the 
towers pass along the central channel and then through th« chequer 
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brickwork into the side comJ)artments. thus giN%ig an evert distribution 
of gas ovef the whole cross-section. . 

The towers* stand on a concrete base sup{X)rted on piehi sufficiently 
high to allow the acid to flow from the bottom o/ the towers into a 
receiving tank, whence it is pumiK*d to another h'ail-lined wtxKlen twk 
placed above the top of the tower, * 

Distributors split up the feed acid o\t‘i each tcVer into 72* equal 
streams conveyed by j, inch lead pijxs to each of the lutes in the top 
sectjon. Above this are arranged three fet'd tanks, eacli 7 *leet long 
by 4 feeib inches*w’ide by 3 feet b inehes deep, lined with lead. 

On the ground level, in front of the ser\d>bing towers, are the lead- 
lined rfeed tanks, one for each tower, measuring 10 feet b^- (» feet 0 inches 
by 3 feet 6 inches. 

The scrubbing towers ire numbered i. 2 and 3. aeetuding to the 
passage of the gas. Strong sulphuric, acid, about (»(> jier cent., is run 
into the tank at the foot of No. 3 tower, and is elevated bt' means of 
a centrifugal pump to the feed tank in the house at the top ol the scrubber. 
This acid, for drying purposes, leaves tlu' Iced tank by U iiuh lead 
pipe, the latter splitting up into two 1 inch leail branch ])ipes which lead 
to the centre of the two distributors, blow is controlled by regulus 
valves.* Front here the acid is distributed through the lutes and 
percolites through the coke filling ol the tower, finally- lunning out 
through a lead cooler at the bottom into the above-mentioned feed tank 
on the ground level. A 3 inch lead pipe forms an additional outlet for 
acid from the saucer of the tower into the feed tank. Acid troni the 
savtcer of No. 3 tower can be byispassed through a 3 inch lead pijK* 
controlled by a valve into No. 2 feed tank, from whence, as in the case 
above mentioned, the acid is elevated to the fc'fd tank at the toji cil 
^^0. 2 tower. Similarly, acid can be bye-])assed from tlu' saucei of 
No. 2*tower into No. i feed tank, and thence to the tA>p ol No. 1 tower. 
Acid from the saucer of No. 1 tow-er can, if necessary, be bye-])assed 
to the lead box which collects all weak acid to Jx' sent for c onceiiUation. 
At one plant the acid in the three feed tanks is roughly of the lollowing 


strengths : — 


Per cent. 


No. 3 95 

No. 2 . - - - - ■ f 

No. I - - * ■ ■ ' 7 ^ 

Acid under 70 per cent, is removed for concentration. 

Elevation of acid from the bottom feed tanks is by means of 10 inch 
impeller Rees Roturb^ puiflps, directly coupled to 
delivery pipe is i j inch lead pipmg. Kr^stner auto action 

installed to get 4s spares when the centrifugal pumps arei ut 
tS pm 4 ^ can eleVate^io tons of acid pfr hour to each scrubber- 

^"'^Theg^pisffig through the three scrul^ing tow*ers in series leav« 
•No Sd inters the feirttom of No. 3 filter, and thence throng 

Tan^r^eS Leaving Vp ...5 filter, the pipiag^hanges to ^o incl 
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diameter mild steel pipe. Along this pipe the gas flows to the suction 
equali.scr. Tjie distance l>etw(*en the centres from No. 5 filler outlet 
to the equaliser is 71 leet. 

The function of tlH‘se towers is to remove halogens, mist and 
moisture. 

The srnil)l)er ari l for No. 3 tower is kept up to strength by adding 
pure ( 4 eum (olciitii [nade willi water feed) from the storage tanks. 
No. j can also he stien|i;1hened hy adding oleum direct, or by passing 
some of tlie acid leaving No. scrubber into the tank feeding No^ 2. 
No. 1 scniliber is kept up to strength by passing acid from No. 2 scrubber 
to th(! feed tank for .No. i. As the bulk of the acid increases, acid is 
withdrawn Iroin No. 1 feed tank and sent to the concentration plant. 
Si)ecilie gra\ities and tem|ieratures of the acid in each reservoir are 
takin once each shift. Only small quantities of the stronger acid, 
about 3 inches, are added at (»ne time in order to avoid serious rise 
in temp«!rature. 

reiniieratiire rises to about 40 C. after addition of 5 inches of 
oleum (or .;,-’io ll).i. It has been noticed that as a result of adding 
10 to 12 indies of oleum fairly rapidly to No. 2 feed tank the converter 
temjK'iaturos were iqiset, Tlie jrresence of chlorine has been defected 
unch'i' tliese con<iitions. and it seems quite reasonable to 'assume that 
the troubk' was due to increa.se of concentration and increase of 
temjH'iatiire, Imth factors which would render hydrochloric acid less 
solulile in the scruliber acid. From the scrubber the gases pass through 
the remaining three coke fillers, but now enter at the bottom, and pass 
out at the top of each filter in succession. The object of these filters 
is to retain any residual mist or acid spray still left in the gases or carried 
over from the towers. The gases leaving No. 5 filter should be optically 
clear. It is (essential that the coke usecl in these filters should contain 
not more than i per cent, of moisture when put in. Relatively wet 
coke has been us{'d for tilling filters and an attempt made to dry it by 
spra\ing with strong sulphuric acid,' but this was not effective, the 
initial moisture made the gas misty. 

Th(' acid discharging from the filters is generally 85 per cent. 
HjSOj ; this fia'ezes at -1 4^' C. ; in winter this sometimes becomes solid 
a;id blocks the filters; the frozen acid is melted by spraying with 
94 per cent. H^SO^, the sprays are installed in the filters as a fixture, 
and are connected to the strong acid tank over No. 3 tower so that by 
turning the valve a si)ray of strong sulphuric acid is at once put over 
the coke ; the effect is instantaneous, the frozen acid melting at once. 

> 

(7) Saction-pnsser equaliav. — This consists of ,1 mild steel cylin- 
drical .shell of 5 feet diameter by 6 feet deep and of J inch steel plate. 
Inside the shell are fixed two, and in some cases three, steel diapmagm 
plates made of J inch mild steel, and perforate all over wun ^ inch 
diameter holes spaded at J inch centres. The diaphragins are placed, 
one at the bottom, one in the middle, and if there is a third, one at tht 
top. The top and bottom covers of this cj'lmdrical shell are cast-iron, 
and of conied shape.' The top cover is connected to the last filter by 





1)ESCR1PT|0N OF PLANT 5} 

means of the 30 inoh diameter nfild steel pipe referred to ’above, whilst^ 
the bottoln cover is fitted with a 30 inch to 16 inch cast-iron reducing' 
pipe, which coimects by a 16 inch suction pipe to the blowet. 

The function of the equaliser is to neutralise the marked tendency 
of the blower to develop pulsations in the sucfion pipe which v(ould 
have a serious effect on the lead covers of the filters causing them to 
vibrate in sympathy with the blowers, and the lea’d to crystallise and 
crack. In one of the plants it was found advantageous to cover three- 
quarters of the holes with a sheet of 12 lb. lead, and the *uncovered 
portion? were staggered. Instead of a rigid joint connecting the 30 inclf 
lead bend and the filters a luted pipe was substituted in some units 
and proved a great success, doing away with the rlpaiJs frequently 
necessary owing to the cracking of the flanges caused by the vibration. 

As this condensate from the equaliser is about 86-88 per cent, 
acid, much trouble was experienced during cold weather owing to 
freezing of this acid on, the diaphragms. In order to overcome this, 
hot gas can now be led into the top of the equaliser from the pipe leading 
from the heater cooler to the preheater or converter. This bye-pass 
is a 3 inch pipe, and the supply of gas for it is regulated by a valve in 
the converter house. Tliis has proved very efficient in practice. The 
gas, now enters the blower. 


(8) Blower. — This is of the Roots’ design, and has a capacity of 
*29 c.f. per revolution. The drive is by a 12 inch diameter belt from 
the pulley of a 60 h.p. motor, giving 158 r.p.m. to the blower. The 
glands of the blowers are packed with white asbestos cord bailed in 
mineral jelly for 24 hours. This method of treatment has given 
satisfactory results. Previous to this, lantern rings and compressed 
i^ir were used in addition to the packing. The delivery pipe from the 
blo\ 9 er is of 18 inch diameter, and leads to the grease catcher. A 10 inch 
diameter pipe connects the suction to the pressure side of the blower. 
A gate valve in this pipe controls the flow of gas, and so enables one 
to regulate the suction and corresponding preSsurc of the* blower.’ 


* ( 9 ) Grease-catcher.— This consists of a 30 feet by 8 feet cylinder of 
mild steel. At the bottom inside this tank rests a cast-iron grid con- 
structed of special cast-iron firebars. These bars are so arranged as 
to give a 2i inch clear space between their underside and the mside 
bottom of the tank. ' At each end of the tank, ^d at point 3 feet 
3 inches above the centre line of the vessel, is provided a fitting which 
receives a sight glass ;tso that an optical test can be made at any time, 
a light is fixed at one eneWor night observations. ’ , , 

At the bottom 6f the tank and at the end furthest away from the 
inlet pipe, ajiin-off drain pipe is fitted. Thii is provided ivith a lute 
of lUfficienTciepth to counter-balance t^e maximum pressure .which- 

will be reVhed at any toe. . 

Through the 16 inch* fitting* at one extremity a( the grease catcher, 
a 15 inch gas main is taken downwards through the coke with which 
the vessels packe(fto a-p»int just below the casUron gnd upon win* 
the graded coke rests. Thboigh this, gases frdm'the blower enter and 
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rise upwards Jthrough the coke filling .before they escape through the 
outlet fitting at the opposite end of the tank. Grease catcher is a 
misnomer, it as supposed to trap grease and oil from the blower, but 
is actually the mea^s of trapping acid mist, and also functions as an 
equaliser on the pressuifj side of the blower. 

•From the grease catcher a 15 inch diameter steel pipe runs ’along 
the back of the converter house; tliis pipe being provided with two 
10 inch diameter branch pipes connected to the inner tubes of the heat 
exchanger,, each branc^i being fitted with a 10 inch cast steel fullway 
gate valve to control the flow of gas and ensure equal distribution *to 
each exchanger. 

Purificat^.—Tht purification of SOg obtained from arseniofree 
sulphur, practically resolves itself into what has come to be called the 
” mist question.” The following are facts : — ' 

(1) Coarse coke is practically useless for the elimination 
of mist. 

(2) Fine coke, i.e., coke passing the ^ inch mesh sieve, is 

a very efficient mist catcher, but a considerable depth is necessary, 
certainly more than i foot in each filter and probably 3 feet 
or 4 feet. , 

(3) When the SOj at the burner flue is 10 *0 pet cent., and 
no more air is admitted until the main entering the second 
scrubbing tower is reached and the gas is there diluted to 
5'0 per cent. SOj, the quantity of mist eliminated in the purifica- 
tion system is far greater than under any other condition tried 
on this plant. This i)ractice when introduced at Queen's Ferry' 
solved the ” mist question.” 

(4) Variation in the velocity of the gas up to the degree of 
halving it does not produce any visible difference in the amojint 
of mist deposited. 

The .strength of the scrubbing toweii acids are : — 

* ’ Per cent. 

Strong acid ..... 93-95 
Middle acid - - - - - 75-85 

. ^ Weak acid ..... 55-60 

The weak scrubber acid is kept as near to 55 per cent, as possible, 
to take up any halqgen present in the gases. A suitable quantity of 
weak acid is run off each day and 30 cubic feet of fresh acid from the 
middle tower^ added to prevent it becoming satu^’ated. In order to 
maintain the ‘weak acid at this strength it is tleces^ary to add 600 lb. 
of water to it daily. 

. When tfie strong acid is kept at 93 per cent, to 95 pec cent. Jhe 
middle *acid strength adjusts itself and the weak is brought ^own to 
55 per ‘cent, by the a(jdition of water. , • • • 

• The pressure equaliser aqts as a mist catcher and deposits trom 
20-50 lb. daily, accor<Jing to the humidity aijd.the temperature of the 
atmosphere. 
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A slight drip, about loiozs. dally, is obtained from the gas main 
leaving thf grease catcher. 

, • TABLE 


No. 

of 

Exp. 

Strength of 
•Mist as per 
cent. HgSO^. 

Quantity of 
Mist lb. per 
day. 

Quantity of 
Mist grms. per 
100 litres. 

, 1 

Sulphur i 
charge lb. 

Condition Unit lo, « 

1 • • / 

2 

. 47'1 

135-0 

0-07 

50 

Xir admitted at^Og coolers. 

3 # 

, 30'8 

• 

lii-o 

• 

0 • 04 

70 

Filters 3 and 4 .sprayed, 
everv 12 hours. 

4 

1 

186 ‘0 

1 

0-12 

40 

Double ^ quemtity of acid 
ovi'T scrubbers. 

5 

31-6 

4 i8 -() 

• 

o-lS 

70 

i 

Double quantity of acid 
ovi'r scrubbers. SO* added 
to Imrncr flue. 

7 

247 

294 ■() 

o-io 

75 

Normal. 

8 

47-3 

189-0 

0*07 1 

70 ! 

Normal. 

9 

48-0 
*61 -2 

334-0 

0-12 

70 

SO3 added to burner flue. 

10 1 

1 

201-2 

()•()() 

70 

6 per cent. SOg at con- 
verters. 

' 

9<>-4 

58 -« 

0 • 02 

80 

Secondary air added 
between ist and 2nd 

1 

* f 


1 


scrubbers. 


• (10) Heat-exchanger (Figs. 19 and 20 ). — This consists of a mild steel 

cylindrical shell 10 feet long by 4 feet 2 inches internal diameter 
with plate thickness of % inch. Inside the cylindrical shell are riveted 
two 9/16 inch tube plates, the space between the tube plate md the 
end plate being 91^,, inches at each end, each plate being drilled to 
receive 104 steel tubes 2 \ inches internal diameter by io| W.G. thick, 
between the tube plates in the cylindrical shell are jjlaced two J inch 
baffle plates to force the gas passing round the tubes to take a zigzag 
course instead of passing across tl^e space between the inlet and outlet 
openings. Through the tubes the cold purifihd gases flow to receive 
heat at the expense of hot gases from the converter, which flow around 
the'iimer tubes and which require coohng before absorption. Each 
unit is provided with two heat-exchangers. The two outlets from thp 
tube spaces are connected into a 10 inch diameter main running along 
the inside of the house. These two 10 inch mains lead into a 15 inch 
main which passes across to the heater cooler, one end, of the main being 
connected to the inner tubes of the heater cooler. 

The heat exchangefs are similar in principle to a water-^ube boiler, 
they are steel cylindrical vJJsels 10 feet by 4 feet containing 100 2^ inch 
tubes ; the latter are sweated into a plate at each end, in addhion there 
are end plateg. The spaces between the plates’ at each end serv,e as 
headers for mstributing the gases among the tubes. Cold gases enter 
at one end end leave at* the othej after being heatecL to about 100 C. 
by the ^ases from the converters, these enteri at 400° C. and pass on the 
K)utside of the tubes,. There are two baffle plates yiside to make the 
latter gases^ake a zigzag cou^^e. 
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In these vessels corrosion takes place if Ihe geises are not sufficiently 
dried, acid nifst is deposited in the tubes and eventually^ makfes a hole, 
SO2 gases then pass through to the SO3 gases and go tfirough the rest 
of the plant unconverted and unabsorbed, becoming a dead loss. If 
this, action takes place it can be detected as follows : — 

s (i) By ar high acidity of the exit gases as tested by absorption 
in iodine or caustic soda. 

r (2) By the production of a white mist leaving the exits of 
the absorption towers. ' 

(3) By a strong smell of SO^ in the acid or oleum produced. 

By the action of this acid mist on the tubes, and other iron' 'used 
in the plant, whatever arsenic is present in the iron is liberated as 
AsHj, this is absorbed by the platinised mass as AsgOg and causes * 
permanent poisoning, which results in a decreased percentage conversion 
with a corresponding drop in efficiency. 

Instances are known where the tubes have become so corroded that 
the iron sulphate formed has blocked some of them completely; it is , 
this also which makes it a necessity to have all coke packed into filters 3, 

4 and 5 properly dried, because efficient drying of the gases, in the drying 
towers is useless if they are afterwards passed over wet coke ; this also, 
applies to the coke in the grease catcher. 

Wet coke in these vessels is known to be responsible for the formation' 
of holes in the heat exchanger tubes of at least three units. 

(11) Heater-cooler (inner tubes). — The purified SOg gas mixture, coming 
at atmospheric temperature from the grease catcher, and having 
had its temperature raised to approximately 180“ C. during passage 
through the heat-exchanger, received additional heat while parsing* 
through the inner tubes of the heater cooler. Gases leave these inner 
tubes or U pipes at approximately 380“ C. and pass back to the 
converter house by a 15' inch steel pipe, which is connected to two 
10 inch branches inside the converter house by means of 15 inch by 
10 inch T piece. That is, the two 10 inch mains branch off this 
15 inch main and proceed in opposite directions, half the gases passing 
each way. At each extremity of these 10 inch pipes a 10 inch by 
10 inch T piece is fitted, the branch outlet of each connecting to the 
preheater inlet header. The end flange when normally running is 
blanked off, but when drying out the mass in the converter when starting 
operations, this flange is coupled to a 15 inch' portable Sirocco fan. 
The second ' flange of this 10 inch by 10 inch T piece is connected 
to the inlet pipe of the converter, so that the preheater can be put out 
if tempera'tures are sufficiently high for optimum conversion. After 
leaving the heater cooler the gases divide again into two 10 inch mains 
and carry on through the rest of the plant in 1;yfo equal portions. They 
pass either to the preheater qjr to the converter. *■ 

(18;| Preheaters.— ‘There are two preheaters- to dkeh unit,, and they 
are similar to the heit* cooler already described except that the tubes 
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¥if the sufphur burners. 

The total treating surface of the pipes is approximately 1,100 square feet. 

The preheater is only used when starting up the plant or whm 
running on low sulphur charges in the burneris. .\tith h^ charges of 
sulphilr sufficient heat is generated to heat the SO3 gas passing thrbugh 
the tubes to such a temperature that the preheater is, unnecessary./'^ ^ 

With the same percent^e of SO3 in the gas feaving the burners 
(usudly about ii per cent.) the temperature of the burner gas is a 
constant, regardless of the quantity of sulphur burnt, but with largep 
sulphur charges^ the temperature of the gas passing through the system 
is better maintained for th^ reason that the radiation losses afe distributed 
oyer a larger volume of gas. With large sulphur charges the gas passes 
direct to the converter witMout going through the preiiealer. 


Occasionally the temperature is too high for optimum conversion 
and it is then necessary to reduce the temperature. This is attained 
by introducing cold gas from the; 15 inch main from the grease catcher 
into the 10 inch main just before entering the converter. 


( 18 ) Converter (Figs. 20 and 21).-- There are two converters for each 
unit, 'each fonverter consisting of one shell inside another. The 
inner shell is of mild steel, 6 feet 0 inches diameter inside by 12 feet 
8 inches high, made from f inch plates. The outer steel shell is 7 feet 
*4 inches in internal diameter insulated from the atmosphere with slag 
wool, and an outer casing of 4I inch brickwork. The lower extremity 
is closed by means of a ^ inch plate, which is provided with a cast steel 
seating for the 10 inch diameter outlet pipe situated in the centre of 
the plate. The flange of the pressed plate comes in contact with the 
inner surface of the shell. The upper end of the inner shell is left open 
to receive the incoming gases. The converter is arranged to accommodate 
four independent layers of the platinum contact mass. These mass 
layers rest on 3/16 inch perforated,plates, are 14 inches to 16 inches thick, 
and each weighs approximately 2,500 lb.’ The converter lias ’five 
perforated plates, the upper one being placed 3 inches below the gas 
inlet and serves to distribute the incoming gas. In some cases a thin 
layer of unplatinised mass (about 200 lb.) has been placed on the topmost 
perforated plate which then acts as a filter. Beneath the perforatfed 
plates carrying the first, second and third layers is placed a cast-iron 
baffle plate 5 feet 8 inches diameter and I inch tliic^, the space between 
the perforated plate and baffle plate being 8^ inches. These baffle plates 
rest on angle-iron, aifd being only 5 feet 8 inches diameter, allow an 
annular space of 5 iqches*^dde round the plates through which the gases 
must pass before going through the next layer of mass. , 

• In passing through the converter the gases are raised considerably 
in tempevature, due to the heat of reaction accompanying the conversion 
of SQa to'SOg. By me'afts of the baffle plates unden the layers this heat, 
of reaction is conveyed to the sides of the shell, and so heats up the 
gases passing between the ^two shells previous to entering the converter 
at the top*. 
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The hot gases enter the outer shelh by ifteans ot a lo inch diameter 
pip>e arranged at a tangent. Gases passing around the annu?.ar space 
of false wall between the two steel shells take an irregular spiral course 
between 3/16 inch taffle plates. The gases thus pass upwards, then 
down through each of' the four layers, finally passing out as ai?. SO3 
gas liii^ture through the 10 inch diameter pipe connected to the bottom 
of the converter. 

To prevent radiation losses, a brick casing is provided to the 
converter ind the space between the outer shell and this casing is filled 
in with slag wool or other suitable insulating material. 

The SO3 and air leave by the 10 inch diameter pipe around the 
inner tubes of the heat exchanger previously described. From^the 
heat exchanger the gases are led out of the converter house by a 10 inch 
pipe to the SO3 cooler. 

The gases' enter the converter at about 320° C. and arrive at the 
top at 36 o°-370°. 

If the gases reach the first platinised layer at about 360° and do 
not contain more than 5 per cent, of SOg, 97 per cent, conversion can be 
obtained without any further control of temperature. 

Conversion . — The conditions necessary for good con^'ersion, i.e,, 
96 per cent., are : — 

(1) Uniform burning of sulphur at the burners in order to 
yield a steady 5-0 per cent. 0-2 per cent, at the converters. * 

(2) Pure gas. 

(3) Low temperatures in the converters, i.e., no temperature 
to exceed 480'^ C. 

(4) Exit temperature of gases from converters not higher 
than 410“ C. 

(5) Stead?^ temperatures. * 

(i) and (2) These have already bc^cn dealt with in detail. 

(3) The temperature at which conversion begins is a function of 
the velocity of the gas. 

The higher the velocity the liigher the temperature required to 
start conversion. 

• On a 35 lb. charge the velocity is 4-0 feet per second through the 
converters and conversion starts at 36o°-37o° C. 

On a 70 lb. charge the velocity is 8 • 0 feet per second and conversion 
starts at 36o°-38o° C. 

On an 80 Jb. charge the velocity is 9 - 2 feet per sicond and conversion 
starts at 38o°-400° C. 

The only means of obtaining low temperatures throughout the 
converters on a 70 lb. or higher charge is to keep the gases as they reach 
the fost platinised mass at as low a temperature as possible, while still 
obtaining the necessary conversion on the first Jayer, this temperature 
is 360-370® C. 

Several conditions come into play here, the speed of the gas is so 
high and “the temperature is so low that the*- first layer is not able to 



DESC: 


m OF PLANT 


SOPI^i 

attain its maximum conyprtin^ power, as denoted by* the relatively 
smaU ris^ in temperature of the gases as they leave, this layer ; by thus . 
throwingjthe inversion on to the lower layers the heat evolved during 
the reaction is distributed more evenly over thej various layers and 
prevents any one of them reaching an excessively Siigh temperature., 

(4) By raising the temperature of the gases going on to th^first 
layer to say 39o'’-4oo° C., a much greater conversion takes place on 
that layer — the second and third become excessiively hot and outside 
th^ 98 J)er cent, conversion zone of 370°- 470° C. The exit tAnperature 
also gets beyond 1;he 100 per cent, conversion temperature of 410“ C. * 

. (5) The maintenance of steady temperature condition* in the con- 
vert^s, as opposed to oscillating temperatures, means the difference 
between good and moderate conversion, or, say, the difference between 
96 per cent, and 95 per cent. The gases reaching the first layer can 
easily be kept within the limits 360”- 370" C., and that is the only 
regulation required, all other temperatures adjust themselves auto- 
matically. 

Temporary poisoning of the contact mass. — This temporary poisoning 

* is caused by halogen in the gas and can be more easily remedied than 
the more serjous arsenic poisoning, which necessitates the removal and 
special treatment of the contact mass. 

Temporary poisons such as chlorine and chlorine compounds have 
•the same effect on conversion as an increase in velocity of the gases, 
but in a more marked degree, that is to say, a higher temperature is 
needed to start conversion; in some instances it has been necessary 
to raise the temperature to 420° C. in order to get the right percentap 
conversion on the first layer. This poisoning may extend to all the 
layers, and in some cases the effect is so marked that the temperature 

* becomes too low and conversion practically ceases. . 

The evil effect will be first apparent in the *op in tempOTature 
recorded by the pyrometer undei; the top lapr indicating less heat 0 

not strictly correct to say that temporary ^isping stops 
conversion, because so far as has been proved, it is 
temperature, and if the temperature of the gaps can g P 

quiily by means of the preheater the percentage conversion c^ be 
prevented from falling excessively. As a nile how ly s^ not 
possible to reach this high temperature of 420 C. tp 

poison is remJved by roasting, i.e.. hy blowing a S^tS 
of air at 450“ C. thrpugh'^he converters fp abpt horns with 
plant stop^d. When the roasting has taken to 

temperature at which conversion can start gradua y pp 

also be taken^ 

of. the* trouble by more effleieut this 

’ using weaker acid 450 p9r,cent. HjSOi) m cq; cooler, 

be not efficient, by spraying. water down a headfr of the bu* cooler. 
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At one period, much trouble was caused due to an exce^ve amount of 
chlorine in some lots of sulphur. A Gaillaird spray was very dfhcient 
in washing ojit the' chlorine, but of course there was a loss df sulphur 
dioxide too, which lowered the overall efficiency of the plsmt. ’ 

,(14) SO 3 coolers. — The. gases from the converter pass into the heat 
exchwiger, surrounding the tubes containing the SOj gases oh their 
way to the heater co6ler, and then pass to the .SOg coolers. 

These are coihp()sed of two batteries in parallel; each battery 
consists of a first header which delivers into eight 6 inch horizontd 
'U tubes, each 30 feet long, and a second header which collpcts the 
gases again from the other end of the tubes, these are made* of mild 
steel. The Second header delivers the gase;^ by means of a 19 inch 
main to the absorption towers. 

The temperature at which the gases enter the SO., coolers is not 
important, but they must leave above 30" C., or SO3 will be deposited 
as a wax-like solid in the tubes and obstruct the passage of the gases. 
Solid SO3 here is very difficult to dislodge. 

The method of cooling the gases is important, ordinary air cooling 
is the best, as no ill-effects arise from it. Water cooling has disadvantages. 
When cold water reaches tlu; steel tubes, it causes local cooling of the 
SO.,, some of this polymerises and, as it is much less soluble in the 
absorbing acid and oleum than the simpler molecule, passes through the 
absorption system and escapes as a white mist. 

So far as absorption itself is concerned, 100“ C. is an excellent*' 
temperature for the gas(!s leaving the SO3 coolers and entering the 
absorption system; the high temperature does not produce any escape 
owing to vapour pressure, &c. It is, however, inadvisable because of 
the corrosive action of the hot acids on the containing vessels. 

With high charges in summer-time it is difficult to keep the tempera-* 
ture of the SO3 down to, say, 60° C. without causing polymerisation, 
and a more extensive system of air-cooling would be an advantage. 

On the other hand, with low charges in winter, the SO3 reaches 
the absorption towers at too low a temperature, i.e., in the neighbourhood 
of its freezing point, and under these conditions only one-half the cooling 
plant is required. 

When water is used as the cooling medium, it should be. applied to 
the tubes as a very fine spray. 

(16) Absorption towers (Figs. 22, 23 and 24). — There are six towers 
per unit, two series of three, and each series deals with the gas from one 
converter. The towers which are built of mild steel are 24 feet in height 
and 6 feet in diameter; they are lined witbacid-proof tiles and filled 
with clean-graded quartz resting on a grid supported on cast-iron 
pillars. A 'cast-iron distributing plate sits on the quartz and the cover 
of the tower has a combined feed and sight box for the circulating a6ld. 

A circulating t^k which acts as a reservoir for acid is fixed a few 
feet away from the'' base of ^ach pair of towers. These tanks ard lined 
with acid-proof brick, and measure internally roughly 7 feet by 5 feet 
by 4 feet. The absorption tower is provided with Wo openings at the 
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Iwttom, one to ^commodate the "gas entering by the lo inch pipe and 
the other to dram away acid which has passed down the tower ^ese 
acid run-o9s are»ol 5 mch cast-iron square flanged piping. . 

The gas passes lyi the first tower, out at the top, down by a lo inch 
pipe into the second tower, up this tower, tlierf ub the third tower, 
finely issuing to the atmosphere by a lo inch pipe passing through 'the 
roof of the house. *^1 . 

A 6 inch cast-iron cooler built up of 9 foot Ic/igfhs and bends and 
550„foot long in all is used for cooling the acid used for absorptiiin. 

A 5 inch steel cooler, similar to the abo\’e, is used to cool the circulating* 
oleuip. Acid of 98 per cent, strength is circulated over the second and 
third .Rowers in each series. and absorbs the SO., which bas§es tower i, ' 
this acid runs into^ one coinmon 6 inch cast-iron pipe at about 100 per 
cent. H2SO4, and is reduced to 98 per cent, again by the addition of 
weak H2SO4 or water through a sight box, it then runs through the 
acid cooler back to the circulating tank, whence it is pumped to the 
top of the towers again and the process repeated. 

Part of this acid is allowed to gravitate from the first circulating 
tank to the second, and from the second into the third,* at the base of 
the oleum tower in this tank it meets 26 per cent, oleum which is running 
in from the oleum tower, the two mix with the 22 per cent, oleum alrfeady 
in the tank to make more 22 per cent, oleum. Part of this nms in a 
ponstant stream to storage and represents the make, this run off is also 
the cause of the gravitation from the first two tanks. Oleum is pumped 
from its circulation tank over the first tower, or oleum tower, in each 
series, absorbs SO3 while trickling down, arrives at the base at about 
26 per cent, oleum, runs through the oleum cooler and back into the 
oleum tank, where it meets the 98 per cent, acid as previously described, 
and ihe whole process is repeated. About 4 tons per hour is pumped 
over each tower, the minimum should not be less than 3 tons or the 
absorbing acid and oleum will get too strong and less efficient for the 
purpose. « ■ , 

Centrifpgal pumps are used when the oleum pumped over the first 
two towers is 20-22 per cent, approximately ; 90 per cent, of the SOs 
in the gases can be absorbed provided enough oleum is circulated. The, 
tonnage required varies with the sulphur charge, but should be enougji 
to keep the oleum running off from the towers not higher than 26 per 
cent. In order to obtain good absorption all that is required is : — 

(1) To maintain the oleum in circulaticfn between 20 per 
cent, and 22 pewcent. 

(2) To maintaisi the acid between 98 per cent. 'and 99iper 

cent. * 

* , (,3) To pump enough of the above over the towers? 

Diagrams of the absorption system ard* given in Figs. ?4A and 2^48, 

Iftid and oleum coolers (Fi^. 22, and^ 24 ). — The? acid and oleum 
coolers were described in the preceding sect ion. 

' * • S(% yages 84 and 114. • * 
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The oleum coolers leave nothing to be desired, they are ample in 
proportion and not the slightest trouble has been entailed by them. 
The cost of maintenance is nil. ' 

The 98 per cert, acid coolers are sufficiently large to meet all heeds 
and give all the cooling surface required. 

The following points, however, on these have been made : — 

(1) Every three months the coolers on units using as feed 

concentrated spent acid from TNT nitration processes silt up 
and require washing out. This practice has an injurious erfect 
on the joints of the coolers. * 

(2) There is considerable trouble with joints leaking oh the 
coolers. In order to carry out repairs to (2) it is necessary to 
stop the plant and pump the cooler empty. This operation 
takes several hours, and when the unit is running regeneratively 
there is danger of the plant getting too cold. 

Two measures could be adopted to overcome this : — 

(1) The use of the cooler pipes with round eight-hole flanges, 
similar to those used on the oleum coolers, instead of the square 
four-hole flanges. 

(2) Instead of only one cooler being used for cooling the 
98 per cent, acid from the four end towers, two coolers could be 
installed, one for each pair, and when repairs were necessary^ 
on any cooler that cooler and its towers could be cut out and 

, the plant could carry on until the repairs were executed. 

With regard to the silting up of the towers, which also happens, the 
latter need to be washed out every few months, this is done by completely 
disconnecting them from the gas inlet pipes and coolers and washing 
with fire hoses from the top. 

When a unit Starts up again, after washing the towers, a heavy 
mist is noticed leaving the absorption tower exits. This gradually 
dies avt^ay and becomes invisible in about 72 hours. It is the usual 
mist which is always formed when moisture and gaseous SOj come iqto 
contact. Attempts have been made to absorb it by means of acid and 
oleum of various strengths, but without success. 

In the ordinary course of events, when the absorption tower exits 
fume, a quick and convenient test of the cause is the colour of the fume. 

Efficiency. — Unless strict attention is paid to details the efficiency 
of a Grille plant decreases very quickly. It need% only a little slackness 
to cause a drop from 95 per cent, to 96 per ceyt,. 

(i) Acid leaks should be stopped immediately, and ■ their 
promotion discouraged. * 

" (2) Strict attentioi? should be given to regularity in sulphur 

. burning, gas purification, and control ofi converters ir order to 
obtain the maximum conversion. ' ' ® 

(3) Loss of SOg in the scrubbing system, by solution of the 
g^ in the chqulating acid, should be minimised by covering 
the tanks and drawing the secondarj' air for the plant over them. 



Tank. 






H.M’.FACTORY 0UEEN% ferry. — • GRILLO •CIRCULATION SYSTEM FOR OLEUM. 
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l>e taken to keep the absorbers working as 
perfectly ^ possible p^ticularly in the night time. ^ 


Efficiency 
Unconverted SOj 
J.OSS at scrubbing towers 
Loss in effluent water - 
Loss in absorptiomsystem 
Loss in sulphur ash 


> Per cent. ' 
, - . - 95*8 

3-5 

- 0-4 

•. . 0-2 

O-I 


100-0 

The efflciency during the same period as calculated from the sulphur 
burned, *feed acid consumed and oleum produced was 95-3 per cent., 
.showing a difference of 0-5 per cent. This was most probably due to 
errors in measurement, but the closeness of the figures shows the advantage 
to be gained hy a careful control of losses from all sources. 

Power consumption ol pumps. — The total power consumed by pumps, 
rf)n one unit for all purposes, is 12 k.w. 


Production of magnesium sulphate mass 

The method adopted for the production of this mass, which serves 
as the carrier of the finely divided platinum, the catalytic agent, 
comprises 

(1) Calcination of the crystallised magnesium sulphate 
MgS04 7H2O, in shallow cast-iron pans. 

(2) Crushing and grinding of the whole of this^first cake. 

(3) Production of second cake by mixing the dust with 
• water in another similar pan and calcining. 

(4) Crushing and sizing of the second cake. 

• is^ Calcination. 

The time required to convert the crystalline salt into a dry cake 
is about seven hours. 

The cake is detached from the bottom of the jian by long chisel- 
pointed steel bars. When cooled it is crushed and reduced in a dis- 
integrator to a fine Miijd.ir which contains from 12-14 cent, of 
moisture. ^ 

2«| Calcination. 

In tb|j)roduction of second cake, two'kinds of material are used — 
dust from 1st calcinatiOii„and duijt made by grinding^ the fines from the ^ 
crushifig of the second cake previously made. First c^e dust gives 
excellent second cake, but dust made from second (jake caimot be used 
alone to make satisfactory ’5e(jond cake again. .The two kinds of dust 

• UlTi K 
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are accordingly put into an open bin diyided into two by a partition, 
each kind being put separately into its own part of the bin. ■ 

When the pan' is charged, two buckets of the first dust and two of 
the second are put on to a hot pan and water is added from a watering- 
can with a long spout, but without a rose. The dust is thoroughly mixed 
in with the water by means of a long-handled steel garden rake 15 inches 
‘ broad. About 150 lb. of dust and 2| buckets (75 lb.) of water are added 
altogether in order b) obtain a mixture of the consistency of thick cream. 
The water evaporates rapidiy during and after the mixing, and the raking 
•is continued to assist the formation of the hard cake at the bottom and 
to break up apy crust that may form at the top, until it is baked red-bpt 
nearly all over. It is then broken up with iron rods, left to eoorand 
crushed. 

The average time required for a charge is about five hours, and thct 
weight of cake obtained is nearly equal to thf.t of dust put in the pan. 

Before crushing care must be taken th'at the crusher is set to give, 
in this case, the coarsest possible product. The crushed naterid is 
transferred by hand to the hopper of the trommel, from which three sizes 
are obtained : (i) finished mass, | inch to J inch ; (2) fines, J inch and 
less ; and (3) oversize above I inch. The feed to the trommel must be 
continuous and not intermittent, to prevent fine material passing over 
the finer of the two screens and passing out with the finished mass. 
Oversize amounting to about 6 per cent, of the total weight crushed is 
returned to the crusher. The fines are ground in the disintegrator as 
fast ' as they come from the screen. The finished mass obtained is , 
weighed as it is taken to the bins and the dust from the disintegrator 
is weighed also. 

The percentage of moisture is rarely found to be below 9 or above 10. 

Unplatinised. mass weighs about 46 lb. to the cubic foot. 

Platinisation. — Before platinisation all mass is riddled carefully over 
J inch riddles to remove fine stuff which may have passed the finer 
screen of the trommel or may have been produced in transport or 
.storage. The riddled material is then weighed out into iron bans, 
100 lb. in each. Two of these cans are emptied into each platinising 
stone-ware bath or tray and the mass is spread out in an even layer by* 
means of a wooden rake. 

In 200 lb. of mass there are very nearly 180 lb. of anhydrous sulphate. 
The amount of platinum chloride required to give the desired percentage 
of platinum, reckoning on the 180 lb. of anhydrous sulphate, is weighed 
out on a pair of scales, having one pan of endmbUed iron or earthenware. 
Acid-proof enamel should be used as the ordinary enamel is r^idly 
eaten away. • 

. The weight of water ‘required to secure even distribution varies 
between 20 and, 30 lb., but is generally about 22-5 lb. (2 ga^ons and 
I quart). Qonsiderable beat is evolved during platinisation, and care 
should be taken that mass should not be; used which has come directly * 
fron^' the and ^ill retains heat. It has been found thabmore regular 
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results are obtained where two bins are available by putting all freshly- 
made ma^ mto one bin and ^rawing for platinisation from the other. 

The -sprajf by which the solution is applied* consists* of four fine 
glass jets connected by short lengths of mbbes tjibe to a glass tube 
having f<^ short branches and one longer on^ sealed on in the form of 

1 1.^ a-iTangenient is enclosed in a wooden* case from the end of 

which the jets project. The longer branch of th> fork is connected 
by me^s of a long black rubber tube and, a glass syphon to the bucket 
contaming the solution. This bucket can be raised above the bath by 
pulleys 3 nd a sash cord, and the rate of flow, of the solution can accordisgly 
be varied at will. ^ ^ 

Xbout half of the two gallons or so of solution is poured into the 
bucket and hoisted to abouT; 4 feet above the level of the bath. Spraying 
is begun and as soon as the surface of the mass has been covered the 
surface layer is raked to me end and spraying is continued. This goes 
on until all the mass has oeen raked into a j)ile at one end of the bath. 
Tlie pil€ is then turned over to expose the mass at the bottom, which so 
far has not been covered. By this time the first half of the solution has 
probably run out. The second half is then put in and spraying is 
continued, tte rake being driven evenly through the mass from one 
side to another in a regular manner until all this solution has also been 
used. At the finish the mass should appear wet. It should be turned 
over with the rake for about five minutes after spraying has finished 
and allowed to remain on the trays for at least eight hours before removal 
to the converters. * 


Filling the oonverteis. — The percentage of platinum used at Queen’s 
Ferry is 0*3 for the upper three layers of the converter and 0'35 for the 
top«iayer. These percentages are on anhydrous magnesium sulphate. 
In one case the richer layer was placed at the bottom* but no difference in 
conversion between the two converters of this set has so far been noticed. 

Before filling, the inside of tfie converter* is thoroughly cleaned out 
with wire brushes, and a current of air is blown through to remove 
all dust. The bottom perforated plate is then put in and about 200 lb. 
of coarse unplatinised material (oversize from the crusher) is spread out 
on it. This forms a layer about 2 inches deep and lessens the risk t)f 
platinised mass falling through the holes in the plate. 

As the mass is platinised it is stored on the, spare trays in the 
platinising room in lots of 2,200 or 2,400 lb., and is removed from them 
as required in enamSlled iron buckets. These are hoisted into the 
converter by means sfOTrope and pulley. Great care is taken to secure 
aq, evenly distributed and level layer. A small iron rake js useful for 
this4 the final levelling can be done with the flat of the handle. , 

The ^ttom layer being complete, tfie baffle plate and its trestle 
are pnt in* Filling of fee second and third layers proceeds in the same* 
way, except that no oversize is used. Beftre filling the.top layer, how- 
ever, the Jrestle which is^to carry the uppermost perforated pl^e must 
be put in, as it cannot bfe "afterwards inserted through the manhole 
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without rempving one of the quadrants of the piate on which the top 
layer is to rest. 

The weights of mass filled in have been in. general as follows : — 

f 200 lb,, oversize on bottom plate. 

Bottom lpyer[j 35„-,b. 0-30 per cent. 

Second layer 2,550 lb. j 0*30 per cent, anhydrous mass plati- 

Third layer 2,5501b.) nised =9,000 lb. 

Top layer „ 2,5501b. 0*35 per cent. 

On the uppermost perforated plate about 180 lb. of ordinary 
unplatinised mass are placed, to act as a coarse filter to the incoming 
gas. 

With this filling, the depth of layer is in each case about 17^ inches ; 
from the top of the laycir to the upper surface of the baffle plate above it, 
should be about 8i or 9 inches. • 

When in the converters the contact ma? > is dried by means of hot 
air. It is then ready for use as a catalyst. 

The qualities desired in the finished mass are : — 

(1) Tensile strength as high as possible. 

(2) Pieces of uniform size. 

(3) Uniform distribution of the platinum. 

(4) Platinum deposited as completely as possible on the 
surface of, and not inside, the pieces. 

(5) Not too porous. 

livery and miriflcation of magnesium sulphate and ^tinum bom old 
contact mass. — The dissolving tank (capacity, 1,400 litres) is three- ' 
quarters filled with ordinary water, and a sieve made from a carboy 
cradle lined with wire gauze (28 mesh to i inch) is lowered into 
the tank by means of a pulley until half submerged in the water. This 
sieve retains the larger particles of iron scale, &c., while allowing the 
platinum to pass through. The contact mass is then placed in the 
sieve by buck^tsful, and as the MgS04 passes into solution more is added 
until 120 kilos (approx.) are dissolved. The sieve is then hoisted out of 
the solution, which is then allowed to stand for at least three days. 

At the end of that time the insoluble matter has fallen to the bottom of 
the tank, beneath the level of the tap from which the clear liquid is drawn^ 
off into a lower tank, where a further settling of three days is allowed. 
From this tank it is run through the tap into a lead-lined box, in which 
it remains for two'days. 

Purification of the tnn gtiBwiim sulphate. — The solution is then syphoned, 
without disturbing the lower stratum of the-'Guid, into a wood-lined 
box, which is fitted with steam and air pipes. After being heated by 
steani to a temperature of 60° C., magnesium oxide (10 kilos aporox.) 
is placed in a suspended -sieve (five meshes to i inch) as in the 
case of the first dissolving tank, and .the whole agitated wkh air until 
a sample of the filtered fluid gives an alkaline reaction and shows no 
precipitation or colpuring with HgS. Steam. and air are then shut off* 
and the liquid allowed ..to settle. After ^4, hours the MgSO^ solution is 
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usu^ly clear, wh^ it is decanted jnto an egg and blown to a feed box 

black enapfel. from the box the solution is run ipto a series of coal* 
galvMised concentrating pans, five in number, and when a film 
ppears^on the surface of the front and hottest pan tie contents of that 

crystallising pan, where on cooling MgS04 
7H2O crystdhses out. The crystals are drained andjieated on a cast- 
iron pan whCTe water is driven off until a hard mas5 containing 13 to* 
16 per cent H^O is formed. This is removild and Wken in axrrushing 
machine into piece<j of the requisite size. Dust and particles too small » 
for gra^ng are made into a paste with MgSO^ solution, and dried <Jfi 
the cast-iron pan m the same manner as the crystals. * • 

Purifliation of plato.--When the clear fluid is drawn off from 
the dissolving t^k, it is again filled up with water, and the process 
of solution continues (izcv kilos, (approx.) of contact substance being 
Jssolved at each operatic^ until a comiihde shelf has been broken up 
The insoluble matter remaining at the bottom of the tank is washed 
two or three times with water to remove MgSO^, and finally run through 
<he lower faucet, which is fitted with a rubber pipe closed by a brass 
clip, into an earthenware crock (200 litres cajiacity). This crock is 
placed in a atcam-heated water bath and its contents treated for 
48 hours with strong commercial hydrochloric acid at as high a tempera- 
ture as possible, at the same time being agitated with air. 

It is then, allowed to cool and settle, when the hydrochloric acid 
solution is syphoned off into a larger crock (400 litres) in which scrap 
iron is constantly kept. The crude platinum mass is washed repeatedly 
with water until the wasliings are comparatively free from soluble Fe. 
(Owing to the slight solubility of platinum black in hydrochloric acid 
Hnde’j certain circumstances, and to the possibility of free chlorine in 
commercial acid, in all cases where platinum — whether impure or other- 
wise — is treated with hydrochloric acid, the washings are subjected to 
the action of scrap iron, whereby any platinum, which may be in solution 
is reduced by hydrogen, thrown down and collected.) 

'The crude platinum mass is then treated with hot aqua regia, at 
the same time being agitated by air until the residue which remains 
lundissolved shows no platinum. On settling and cooling the deaf 
solution is sj^honed into porcelain basins, while the residue is washed 
in filter until free from PtCl4. The clear solution and washings are 
concentrated to a small bulk on a steam bath, 30 cx:. of 90 per cent, 
plphuric acid being a>dded to remove lead. The concentrated fluid 
is then transferred to bath, where it is dried — additions of hydro- 

chloric acid being made until the resulting dry mass is free from nitric 
acid. This mass is then dissolved in water, filtered,' hydroohloric acid 
added to thd clear solution, from which tlje platinum is then removed 
by the action of scrap yon (wrought iron rails). The platinum black 
is collected and boiled wdth strong hydrochloric acid on a sand bath . 
until only traces (less than -3 per cent.) of iibn remain undissolved. 

In practice it is found Impossible by the action bf boiling concentinted 
hydrochloric acid to remove* iron entirely from '’platinum black Kn this 
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form. Hence the necessity for the subsequent precipitation by ammonium 
chloride by means of which it is possiole to remove the residual iron 
completely. , , 

It is thefi washed with water until free from chlorine, dissolved 
in pure aqua regia, again dried and freed from nitric acid, dissolved in 
water, acidified with hydrochloric acid, and precipitated with ammenium 
chloride. The (NH^'jPtClg is allowed to settle and, after the super- 
natant fluid has been syphoned off, is transferred to a Buchner funnel, 
where it is washed with 5 j)cr cent, hydrochloric acid solution until the 
filtrate is free from iron. The precipitate is then dried on the sknd bath, 
andi, ignited in a fireclay crucible in an atmosphere of* sulphur dioxide. 
The resulting pure spongy platinum is weighed and dissolved in aqua 
regia, and its solution, freed from nitric acid, iy ready for the preparation 
of contact substance. 

The iron scales, &c., which are retained by the sieve on solution 
of the magnesium sulphate in the first dissolvii^g tank may still contain 
a little platinum, most of which can be removed by washing it in small 
quantities in a basin with a constant stream of water. The whole is 
agitated, and the lighter and smaller particles, representing the platinum, 
are allowed to pass with the overflow water into one of the settling tanks 
from which it may be collected on settling. The heavy portion remaining 
in the basin is rejected. 

From time to time, say, after two or three shelves have been treated, 
any matter which may have collected in the bottom of the lower settling 
tanks is washed out and the sediment placed in the top dissolving tank. 

The hydrochloric acid washings of the (NHjjjPtClg precipitate 
obtained in the second stage of platinum purification are treated with 
scrap iron, and the platinum black precipitated is added to the platinum 
belonging to the next shelf before purification. 

Separation 0! iridium and platinum. — Where a shelf has originally 
been impregnated with solution of platinum and iridium scrap, the 
presence of iridium is first seen from the difference in colour of the 
precipitate on adding ammonium chloride to the platinum solution. 
Ammonio-platinic chloride, (NH4)2PtCl8, unmixed with iridium, is of 
a lemon yellow colour, while, if iridium is present, the colour is a light 
reddish brown. As ammonio-platinic chloride is less soluble in hydro- ' 
chloric acid than the corresponding iridium salt, the latter may be 
partially removed by repeated washings with hydrochloric acid, 5 per 
cent., when the amm'onio-platinic chloride approaches more to its normal 
colour. On concentrating a sample of these washings a cherry red 
substance is deposited, showing a large proportioitiaS^(NH4)2lrCl8. 

The whole of thg hydrochloric acid washings are treated with scrap 
iron, and the iridium is thrown down as a black precipitate which d^o 
contains platinum. To remove the last trace of iridium from the 
ammonio-platinic chloride after washing as abo^e with dilute hydro- 
chloric acid, it is netessary tojdissolve the whole in as small a quantity 
of hot water as possible. The solution is evaporated to a fifth of its 
bulk, an(^ on cooling 8 H per cent, of the original platmum crystallises 
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out as (NH4)2PtCl6, while the iridium salt, being more soluble in 
water, rem^s in solution, and nfay be removed as iridium black on 
adding scrap iron. , 

Chemical Control 

% 

Peteentage conversion. — The percentage conversioA oi SOg to ^Os 
is estimated by determining the percentage of .SOg in the gases 
entering and leaving the converter. The Reioh method is used, viz. f 
taking a known quantity of standard iodini solutii)n and bubbling the 
gases throu’gh until all the iodine is reduced, using starch pas\e as an 
indicator r when corrections are made for temperature and pressure* 
this method gives fairly accurate results. ^ 

A'bore accurate but longer method is employed as a check on the 
above. Vacuum bulbs of a. known capacity are taken, filled with the 
’ gas under examination and the SOj content absorbed in a known volume 
of standard iodine solutioiV the amount of iodine used is obtained by 
titrating back with sodium'thiosulphate solution, and from this the SO^ 
prtj^ent can be quickly calculated. 

^ With the SPg in the entrance and exit gases to the converter 
’determined, the percentage conversion is then a matter of arithmetic. 

It must, however, be remembered that a reduction in volume takes 
place in the cohverter according to the equation — 

2SO2 + O2 = 2 SO3 
• 2 Vols. + I Vol. = 2 Vols. 

When this correction and corrections for temperature and pressure 
are made this method gives very accurate results. 

Moisture and acid mist. — Moisture and acid mist in the gases are 
estimated by aspirating a known volume through tubes containing 
cottdh wool and phosphorus pentoxide. Cotton wool filters the mist 
from the gases and PgOj absorbs the moisture. ’ 

Chlorine. — Chlorine in the gases is estimated by bubbling the latter 
through distilled water from a i/6th orifice for a perio’d of 24 hours 
continuously, boiling off the sulphur dioxide and precipitating the chlorine 
as silver chloride ; the amount of chlorine present is too small to obtain 
j»any accurate quantitative figure. 

Arsenic.~It has never been possible to find arsenic in the gases 
entering the converters, this is to be expected seeing that arsenic is not 
found in the sulphur used ; nevertheless, a sample of tlie calcined sulphate 
mass, taken from a uftit which had been running for 10 months, on 
analysis contained 50 ^fUtS 6f arsenic per million. 

„ The sample was taken from the first tray of the ponverter, and it is 
presumed that acid mist had acted on the iron vessels and tubes, which 
generally ogntain arsenic, thus making AsHg, which would bum to 
arseniqus oiide and combip'e withJ^gO in the calcined^mass. 

, Waste gases.— I. The gases leaving the absorptign towers are 
aspirated through bottles’ containing a known ’epantity of standard 
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alkali together with a little hydrogen peroxide. From this the total 
acidity can be •calculated. ■ 

2. The sulphur dioxide in the waste gases is estimated by the 
Reich method. 

3. The difference between and 2 gives the amount of sulphur 
trioxide in (he waste gases. 

^ 4. The volume, oi gas is fairly accurately obtained by calculation, 
from the tons of sulphur bur^it and the percentage of sulphur dioxide 
in the gasos entering the converters. Correction being made for the 
elimination of 2 • 5 per cent, in the purification system. .. . , 

■SulPHUr dioxide losses in p,urification 

Originally, at Queen’s Ferry, these amounted to li per cent, of 
the sulphur burned. 

This quantity was reduced to 0'4 per cent.^by covering the receiving 
tanks above and below the scrubbing towers wiLh light wooden covers. 

In this way the vapour pressure of the sulphur dioxide,, in the 
stagnant gas above the surface of the acid in the tanks was maintained 
at a comparatively high ligure and losses were consequently reduced. 

It has also been shown that as far as the middle and strong tpwers 
arc concerned an acid flow of 10 tons per hour suffices. 

The sulphur dioxide required to saturate this quantity of acid is 
obviously half that required to saturate a flow of 20 tons or more 
per hour. 

Reduction of the quantity of acid will therefore bring about a 
r. corresponding reduction in sulphur dioxide losses. 

By drying the secondary air before admitting it to the system a 
further reduction in the quantity of acid in contact with sulphur dioxide 
will be effected, and this in turn will still further cut down sulphur 
dioxide losses. • 

Report on the appearance of a Grillo unit at H.M. Factory, 
Queen’s Ferry, after fifteen months continuous work 

Unit 3 was closed down and each section of the unit was opened up 
and examined, we summarise the results of the examination. 

Burners [chequer work ). — Slight deposition of iron oxide. The 
quantity of this was too small to cause any obstruction of the gas flow, 
and it was obvious that the burners coulS run for two or three years 
without any trouble "from blockage of the chequer work. 

Burners i, 6 and 12 were opened up and ejfamined and were all 
found to be quite clear from dust or blockage d! Si^^kind. 

Heaier-cqoler and flues . — ^Very little deposit was found here— a 
scale approximately ^ inch in thickness had been formed on ihe heaver- 
cooler jiipes and this was removed. ' ^ 

j Pressure equaliser and blower . small quantity of slime ' was 
found in this part of the system and this was washed out, first with 
water and then with a slightly alkaline solution. ‘ 
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The slime was probably formed during the peric^ when acid mist 
was one of the chief troubles? * . . 

Heat-ucchan^er . — This wa 3 perfectly dry and freip from ^ime. 

Converters . — ^The top layer of unplatinised mass was perfectly 
dry, and on testing showed 30 parts arsenic . pfer *million. This ,was 
replaced by fresh unplatinised mass. 

A small sample was taken from the first platinised layer and' gave 
10 parts arsenic per million. \ ^ ' 

At one period during the running of Ihe unit, small qustotities of 
arse'nic were detected in the sulphur dioxide cooler drips, so that ^e’ 
sulphur lias apparently contained traces of arsenic which, howem, 
have ’tjever been detected in, the control analysis which are always made 
on fresh consi^ments of sulphur. 

The unit is once more in operation with a 95 • 8 per cent, conversion 
on a 70 lb. charge. . 

It is evident, therefor^, that in spite of rough treatment during the 
earlier stages of operation of the Grillo, the plant is in perfectly sound 
conditiori after 15 months work. 

* Report on thermal values and efficiencies on a Grillo plant 


Section I.— Burner balance. 

” A Unit ” run on 70 lb. charges. 12 burners. 

Heat generated per hour : — 

(i) From sulphur burned to SO^— 

70 X 12 X *99 = 832 lb. pure sulphur burned per hour 
S f O2 = SO2 H- 71,080 cal. 


.-. 71,080 cal. are liberated when 32 grms. of sulphur are 
burned, i.e., X 832 = 1,848,000 C.H.U. are 

liberated per hour at the burners when 832 lb. of 
sulphur are burned to SO2. * * 

{2) From SOj burned to SO3— • 

2 per cent, of total SO2, i-6-, 832 X ^ X ’02 = 33 "3 

SOj, are converted to SO3 at the burners, giving 
41 • 6 lb. SO3. 

SO2 + 0 = SOj + 20,820 cal. (Berthelol?). 

20,820 G.H.U. are liberated when 641b. SOj arp converted 
toSpsc " 

Hence 33-3 X = 10,850 C.H.U. hre libepated when 
64 

33*3 lb. SOj are converted to SO3 at burners. 

Hence total' heat generated at burners is ^i) -+• (2), 

= 1,848,000 4- 10,850” 

- 1,858,850 C.H.U. per hour 
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Heat removed or lost at burners.-^SO^ ^orms 8*5 per cent, by 
volume of the burner gases. The density of SOj compared ■ to that 
of air is 2 • 26. . , , 

Hence SOj percentage by weight is — 


8-5 X ' 2 •26 19^ 

8-5 X 2-2^ + 9F5 “ 1107 


17-3 per cent. 


There is, therefore, per hovjr, of burner ga.ses — 

SOj 1,631 lb', specl'fic heat at constant pressure, o-iS.^. 
SOj 41-6 lb. specific heat at constant pressure, 0:137. 

Air. = 7.800 lb. specific heat at constant 


pressure, o- 243- 


Moisture in air, 45 lb. ; from crude sulphur, 5 ib. ; total, 50 lb. 
Specific heat of water vapour, 0-473 : latent/ieat of evaporation, 537. 

(Specific heats taken as far as possible for range 0-600° C.) 

The temperature of the burner gases is about 595° C,, atmospheric' 


temperature is taken as 15° C. 

Hence we have heat absorbed by burner gases is — 

C.H.U. 

(1) By SO2 = 1631 X 0-154 X 580 = 145.700 

(2) By air = 7800 x 0-243 X 5^0 = 1,099,300 

(3) By SOa = 41-6 X 0-137 X 580 = 3,300 

(4) By water vapour = 50 X 0-473 x 580 = 13,700 

(5) To evaporate 5 lb. water at 15° C. = 5 x 622 = 3,100 


1,265,100 


Eliminating heat required for volatilisation of moisture (5), we have 
heat required to produce a temperature rise of 1° C. over this interval 
(0° - 600° C.) 

_ I, 265 ,dOO - 3,100 1,262,060 _ ^ttit 

580 ~ ■ 580 ■ " ^'^74 C.H.U. 


Heat balance at burners. 


Produced or received. 

C.H.U. 

1. Combustion of ,sul- per hour. 

phur to SO2 - 1,848,000 

2. Conversion, of SOj to 

SO3 - - 10,850 


1,858,850 


Removed or lost. 

C.H.U. 

1. -Carried away by per hour. 

burner gases - 1,265,100 

2. Radiated by brick- 

worlt, St.',^&c. - 593.750 

. 1,858,850 


Loss of heat through brickwork of burners '=*593,750 C.H.Tj. 

'■ Total surface aiba of burners = approximately 2,000 square feel. 
.'. Heat loslrper square foot per hour = say, 300 C.H.U. 

(This is a high fi^-e^d the burners hav^ since been lagged.) 
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Sflttum 2. — ^Heateivoooler haiatm^, 

§ascs.— Burrfer gases enter at 590° C. and 

Ih S \ ~ section 3* above that 

the heat requu-ed per hour to produce a temperature difference of 1° C 
m the burner gases is 2,174 C.H.U. , • • 

Hence heat given up by burner gases = 2,174 X.314. 

. = 682,600 QfH.U. per hour. • 

Heat taken up hy purified gascs.-Purffied gdfees enter abioi” C. 

'The pure gas consists of the SC), pro- • 
duced at the burners (1,631 lb. per hour) mixed with air to form- a 
5 perVjgnt. mixture by volume. • • 

Weight proportion of SO, = - s_ 21’3 ^ 0; 

< ® 5 X 2-26 + 95-106-3“^° 38 /o 

Weight of air per houV - = 14.100 lb. 

* Heat taken up per hour, for a temperature rise of 136“ C. is 

• C.H.U. 

By SO, 1,631 X 0-154 X 136 34,igo 
, By air 14,100 x 0-243 X 136 = 466,000 

Total = 500,200 

From which it follows that the heat required per hour for a difference 
Df 1° C. in these gases is = 3,680 C.H.U. 


Heat balance at heater-cooler. 


Heat given up by burner 
gases - 


C.H.U. 

C.H.U. 

per hour* 

, per hour. 


Heat absorbed by pure 

682,600 

gases - - - 500,200 


Heat lost by radiation. 


&c. - - - 182,409 

682,600 

682,600 


Thermal efficiency ^f heater cooler = "b ~ ^3 ’ 4 

^ • • 

Total surface of caSWon pipes in heater cooler — 

48 pipes of 6J inches external diameter an(f 23 feetdong. 

^ 6 * s 22 ^ 

Surface = 48 x 23 x — - X — *= 1,880 square feet. 

V . • 12 7 ^ 

^1^880° ~ ^^4 C.H.U. per square <oot of cas*t-irpn surface 

per hour. 
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Total area..of brickwork of heater cooler— 

1,200 square feet (top and 3^ sidps). , 

'Heat loSt per square foot per hour of brickvfork 
. t 1. ^ 682,6 'oo — 5 00,20 0 
~ 1^0 

= 152 C.H.U. 

if 

Section 3.— Sulphur dioxide coolers. ' 

V 

The burner v^ases are cooled from 276° to 20° C. ; fall = 25,6" C. 
It was found above that the heat which mUst be abstracted per hour 
to produce a temperature difference of 1“ C; is .2,174 C.H.U. Hence, 
heat removed at coolers = 2,174 ^ 256 = 554 * 5 f'^ C.H.U. 

The heat given up by condensation of and formation of 

HjjS04, &c., at this point is small, and is neglected. 


Section 4.— Heat>exchanger. 

Heat gained by purified gases. — The purified SO2 gaoes enter at 
20® C., and leave at 194° C. Rise, 174° C. It is seen from Section 2 
above that the heat required per hour for a rise of i® C. in these gases . 
is 3,680 C.H.U. Hence — 

Heat gained by purified gases = 3,680 x 174 — 640,500 C.H.U. 

Heat given up by SO^ gases. — The gases entering the converter 
consist of 1,631 lb. SOj and 14,100 lb. air per hour. Assuming 96 per 
cent, conversion, the following gases leave the converter 

C.H.U. ' 

65 lb. SO2 of specific heat at constant pressure 0-154 == 

1,9571b. SO3 „ „ . „ „ 0-137= 268 

13,709 lb. air „ ^ „ „ „ 0-243=3,333 

3.611 

' The heat required per hour to produce a temperature change of 
I® C. in these gases is therefore 3,611 C.H.U. ; the gases enter the heat 
exchanger at 420® C. and leave at 280® C.; fall, 140° C. Hence the 
heat given out by SO3 gases = 3,611 x 140 

, = 506,000 C.H.U. '■ 

I 

There is practically no loss from the heat tfxchangers, and the 
apparent gain is probably due to error in pyrometer. . 

The value for the heat exchanger is taken as the mean, 575,000 C.K.U. 

- External exchangers = 1,240. square feet. 

t. 473 000 ** ' 

Thenued vdue of 'tubes = -- — = 460 C.H.U, per square 
( ' , • foot per hour. 
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8eeti(^ 6.-rClonverter balance. 

(a) Gc^es entering Converter. , 

These are it a temperature of 330° C., and carfy (see section 2 above) 
330 X 3,680 C.H.U. = 1,214,000 C.H.U.' 

(b) Heat of Conversion. 

.• Assuming 96 per cent, conversion, i lb. sbg are converted to 
SO3 per hour — j ’ , 

Heat liberated {see Section i) = 2Q»820 X 1,566 

' = 510,000 C.H.U. 

. (c) Gases leaving Convert^* 

e at a temperature of 420“, and carry therefore {see 
se... ... 4; 3,6h X 420° = 1,516,000. 

• The balance, therefore, is — 


Heat brought in and produced. Heat removed and lost. 


C.H.U. 

C.H.U. 

per hour. 

per hour. 

By gases entering con- 

By exit gases - - 1,516,000 

verter - - 1,214,000 

Lost from converter - 208,000 

By heat of reaction - 510,000 


1,724,000 

1,724,000 


* The total surface presented by two converters is as follows : — 

A cross-section near the top gives diame!er 7 feet 6 inches -f 
9 inch brick f 18 inch JCieselguhr = 9 feet 9 inches ; near 
the bottom, 7 feet 6 inches -f* 18 inch ’ brick + 9 inch 
Kieselguhr = 9 feet 9 inches. Total height, 14 feet. 

Sq. ft. 

.-. Surface of brickwork = 9-75 -|- 3-14 x 14 = 429 

Area of cover (9-75) X •7^4 - - = 75 ' 


t 


Total exposed surface of i converter 
Total exposed surface of 2 converters - 


.•. loss of hSSf per square foot per hour — 


208,000 

1,008 


J 

= 208 C.H.U. 


= 504 

= 1,008 


^ J 

Eig. 25 gives a thermal effieiency chart of the working of one unit ; 
of the Grillo plant a’''"’* above results were recorded 

and calculated. 
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Calculations involved in the Design of the Plant 

In the following pages are given from. page 78 to page 93 calcula- 
tions made before the erection of the plant to ascertain the quantity 
of heat which would have to be dealt with by the coolers in the Grillo 
absorption S5^stem, ana from page 93 to page loi another set of 
calcuations to determine the size of cooler required for the absorption 
system in another plant. 

Pages 102 to III com|)rise a report on the thermal effects in the 
absorption system at Queen’s Ferry determined practically and calculated 
theoretically from first principles. Pages iii to 119 comprise a similar 
report on the s.'’.me portion of the plant at Avonmouth and a conxparison 
of the results obtained there and at Queen’s' Ferry. 


Calculations for determining the quantity of Heat to be 

DEALT WITH BY THE COOLERS IN THE GrILLO ABSORPTION SYSTEM, ALSO 
THE QUANTITY OF ACID TO BE PUMPED OVER THE TOWERS 

The following calculations are based on the assumption that the 
crude sulphur stoked into the burners is 97 per cent, pure whilst the 
conversion of SOj to SO3 is 95 per cent. 

SOg produced per 100 lb. of crude sulphur burned will therefore be : — 

Q 

100 X -97 X — X *95 = 231 lb. 

32 

98 per cent acid production.— Each unit of absorption plant consists 
of six absorbing towers with the necessary circulating acid tanks, 
pumps, pipes, coolers, &c. The strength of the circulating acid to 
all towers must be maintained at approximately 98 per cent., at 
which strength sufphuric acid has its greatest affinity for SO3, whilst 
the feed acid or water is added to the system in its exact proportion 
to the SO3 to make 98 pei cent. acid. ' 



Fig. «6. 
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= 231 lb. per hour. 


The total feed acid required per 100 lb. sulphur burned will be 

as follows : — ^ ' 

Table i. ' , 

Acid required per ' Acid required per 

-.00 lb. crude sulphur 100 lb. crude si^^phur 

Strength of feed acid burned to produce Strength of feed acid burned to produce 

per cent^jSO^ 98 pe r cen t. TI2SO4 per c ent. H 2SO4 98 pe r cent . H4SO4 

, Ib. ‘ . lb. 

o(= water), 57*8 - 8g-' ' 314 

60 ' 149 > 85 435 

65 c ' 171 88 552 

70 ' '200 .90 700 

75 243 Q5 . . I.850 
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For water feed ' 

98 per cent, acid = 8'b per cent. SO3 + 20 per cent, \vater. 

' » 20 

water required per 231 lb. SOg = 231 X ^ * 

— 57 '8 lb. per 100 lb. crude sulphur burned, 

Heat produced during absorption per 100 lb. crude sulphur burndd 

= 231 lb. SO3. * , . ; • 

When calculating the heat given out during absorption it will be 
assupied that 100 per cent, acid is being made’, in which ease the 
thermal equations •* 

(i) SO3 gas -► vSOg liq. H- 9,560 C.H.U., and * 

• (2) SO3 + HjO = IJgSOi + 21,320 C.H.U. can bfe u5ed. 

These quantities of heat are by far the largest involved, and will 
• be the only ones conside!^ in these calculations. 

(i) Heat of liquefaction of 231 lb. gaseous SO3 

9560 X _2 3 I ^ ^ jj U 

f 80 ' 


(2) Heat of combination of 231 lb. liquid SO3 

with = 61,600 C.H.U. 


Total = 89,200 C.H.U. 

^ 89,200 _ C.H.U. per i lb. of SO3 gas combined with water. 

The Sat generated in the absorption towers will therefore be 
§9,200 C.H.U. per 100 lb. cnide sulphur burned. 

Amount of acid to be pumped over towers.— A,t approximately 
98 per cent, strength sulphuric acid attdns its maximum aftmty, or 
absorbing power, for SOg, and .it is 
circulating acid fed to the towers should be mamta . 

98 per cent, acid, if kept fairly cool, has "^^Trisfabove 

cast iron or steel, but if the strength of the aci . „g: jgrablv Should 
.99i per cent., then the corrosive effect mcreases considerably^^ Shoum 

the strength rise above 992 per cent, to, say, m^ijed and pipes' 
then effect on either cast iron or steel becomes ve^™^ P P • 

^ilTh^ifo^-’oriSe" 

llfaLtt 

the*plant will be extremely high. 

Now I lb. of 98 per cent, acid is comfwsed of 

• Y o-8 1b.^Sp3 + -zlb. H.2O 

arfd I lb. of 99-25 pel: cent, keid contains 

0-8102 ]i)..S03 + 0-1898 ^ 
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but in I lb. ,of 98 per cent, acid ther^ is already 

0‘8 lb. SOj .'. SO3 to be added to i lb. of 9? per 
. cent, acid to produge 99*25 per cent, acid = 0*8537 — 0*8 »= 0*0537 

or — = 18*62 lb. 98 per cent, acid per lb. of SOo absorbed. 

.0537 . Y. y 

SO3 evolved per 100 lb. crude sulphur burned = 231 lb. 

^ *.•. feed requirM to towers = 231 X 18*62 

— 4,300 lb. g8 per cent, acid per 100 lb. crude sulphur burned. 

At 'Queen’s Ferry and Gretna each unit is equipped with 12 sulphur 
• burners, each of which is capable of burning up to loo lb. of crude 
sulphur per hour, that is, e.ach unit can bum 1,200 lb. per hour. ^ 

The afnodnt of feed acid to the towefis will then be as follows for 
various burner charges 

Table 2. r 


Crude sulphur 
per burner 
per hour. 

lb. 

Crude sulphur 
burned per unit 
per hour. 

lb. 

98 per cent, circiflating acid to towers per hour. 

Pounds. 

Tons. 

Cu, ft. 

^ Galla 

30 

360 

15.480 

6'9I 

135 

- ® 3 i 

40 

480 


9*21 

179 

1.105 

50 

600 


11*50 

224 

1.390 

60 

720 

30,960 

13*83 

269 

1,670 

70 

840 

26,120 

16 *11 

314 

1,960 

75 

900 


17*28 

336 

2,090 

80 

960 

41,280 


359 

2,210 

‘85 

1,020 



382 

2.370 

95 

1,080 

46,440 

2076 

404 


95 

1,140 

49,020 

21*90 

426 

2,650 


1,200 



447 

2,780 


Table No. 3 'gives the weight of SO3 made and heat produced bj 
absorption of various charges of sulphur burned. 

Table 3. 


Crude sulphur i 

Ih 

Per burner. 

toked per hour. 

Per unit. 

SO3 produced per Grille 
unit per hour. 

lb. 

Heat evolved during absorj 
tion per unit per hour. 
c.H.U; 

30 

360 

832 

321,000 

40 , 

480 

I,II 0 ‘ 

428,000 

50 

600 

1,380 

535.000 

“ 60 

720 

1,662 * 

642,000 

70 ‘ 

' 840 

1,940 

740,000 ' 

^ 75 

900 

2,080 

• 803,000': 

80 

960 ■ 

2,220 

.856,000 

■ 85 

1,020 

. 2.366^ 


90 

' 1,080 1 

2,490 

964,000 

95 

1.140 

2,630 

1,016,000 

100 

ii 

< 

‘ 1,200 
^ 1 

2.770'' 

f 

( 

1,070,000 


( 


( 1 1 
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The evolution of heet during absorption will raise the temperature 
of *016 circulating acid in it% passage dojvn the absorption tower, the 
rise in temperature being constant for all burner charges providing that 
the amount of acid passing down the towers is kept in its proper 
proportion to the charge as given in Table No. a. ’ ' 

Examining the heat produced by 100 lb. charges and assu m ing 
that the V^hole of the heat is taken up by the circulating acid (that x, 
neglecting the heat imparted to' the outgoing ^ases, and radiation). 
T^le No? 2 gives 5i»6oo lb. of 98 per cftnt. acid passing aftd a heat 
evolution of i, 070*000 C.H.U. per hour. 

’Specific heat of 98 per cent, acid =0-34 

Then rise in temperatul-e will be — 

= 6i-5“ C. 

If the temperature of the circulating acid in the tanks is maintained 
at 25“ C., then the temperature of the acid from the towers at the 
, entrance to the coolers will be 61-5 -|- 25 = 86-5° C. 

Acid (pooler. 

The cooler will be arranged on the evaporative principle and will 
consist of a long length of 6 inch internal diameter cast-iron pipe 
» I inch thick. 

The surroimding air temperature about the cooler will be assumed 
to be approximately 20® C. . 

When running 100 lb. charges the amount of acid to be cooled — 

= 447 cubic feet per hour. (From Table 2.) 

= 0* 124 cubic foot per second. 

Cross-sectional area of 6 inch pipe — O/196 square foot. 


'*> 1,070,000 
^ W X 34 


Velocity of flow 


= 0*124 „ 0-632 foot per second. 
0 • 196 ' J 


. (The available head is sufficient to give a velocity exceeding 0 • 632 foot 
per second.) 

From Table 3 the heat to be absorbed by cooler is 

= 1,070,000 C.H.U. per hour. 

= 297 C.H.U. per second. , 

Pumping equipmeBt.— Acid to be circulated over towers when 
burning 100 lb. charges , • " 

= 447 cubic feet per hour. 

• = 0 • 1242 cubic foot per second. (From Table 2?) ^ 

*Hei^ of lift including pipe friction, aay = 3^ ^eet. ^ 

If 2|*inch rising rA3.ins fropi pumps be used, then area of cross-^ 
section of pipe = 0-0272 square foot, and velocity of flow 

^ 1242 ^ fggt per second. * 

0-0272 ^ 


M I 
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This velocity is also for clean pipes, and if 2 J inch pipes are used 
the flow will decrease as the pipes become foul ; it will be wise, therefore, 
to use a larger rising main, 'say, about 4 inches diameter, 'which will 
give a velocity of 4-55 x = i'42 feet per second when pipes are new. 

For pumping Ihc acid over the towers, 2 inch vertical centrifugal 
pumps will be used which have a capacity of about 5,000 gallons per 
hour when running at 1,400 r.p.m., and working under 40 feet of head, 
on which basis one 'pump is ample for the purpose. 

The power required for each pump when working at the above duty 
will be about 6-5 h.p., and therefore 7^ h.p. totally enclosed motors to 
allow for belt losses, &c., will be needed. 

Production of 20 per cent, oleum. — By a slight modification of‘^)iping 
and coolers, the absorption plant can be made to produce 20 per cent, 
oleum instead of 98 per cent, sulphuric acid. The modified arrangement 
is as shown in Fig. 28. ' 



SO3 gas enters bottom of No. i towers and passes through the 
three towers in series, the waste gas from No. 3 towers being led to 
atmosphere similar to the flow when producing 98 per cent. acid. " 

In front of the absorption towers there are three circulating acid 
tanks : No. i containing oleum, and Nos. 2 and 3 containing g8 per cent, 
acid. From No. 2 tank 98 per cent, acid is pumped over towers 2 and 3, 
the acid leaving the towers at 99-25 per cent, strength, being led 
ultimately through a 6 inch pipe to the 98 p* teRl, acid cooler as before 
described for 98 p^r cent, acid production. After passing through the 
cooler the cold acid is brought back to tank No. 3, from whence it flows 
to tank No. 2 to be again pumped over the towers. The feed acid 
•required to produce 98 per cent, acid from the SO3 available in towers 
2 and 3 must enttjr the system at a point between the tower outlets 
and the cooler inlet in order that the heat of dilution of the circulating ' 
acid from 99-25 per-cent, back to 98 per 'cent, may be absorbed or 
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abstracted by the cooler before the acid returns to the tanjcs for further 
cirailatiott round the towers. 

* It is eVidenf, however, that if feed afid is continually entering the 
circulating system, and 98 per cent, acid is being continuaJly made, that 
some airangement must be made for passing th€*excess acid on to the 
oleum system where it can absorb a further amount of SOs to produce 
the 20 per cent, oleum which is required. * , • , 

The easiest way to accomplish this is to allow the’excess 98 per cent, 
acid from tanks 2 and 3 continually to overflow iftto No. i taak, which 
contains the.oleum.for No. i tower circulation. 

This method, however, has the serious disadvantage that the wliole 
of tHeJieat developed duripg the mixing of the 98 per*ceitt. acid with 
the oleum takes place in the tank, and consequently the jmmps have 
to deal with warm acid,«which is, of course, bad practice. This, however, 
is not so great a disadva-ptage as the fact that warm oleum will be 
pumped to the top of the towers to absorb the incoming SO3. Now 
the vapour tension of oleum increases very rapidly as its temperature 
rises, and consequently the higher the temperature of the oleum being 
•fed to the towers the lower will be its power of absorbing the SO3. The 
temperature of the feed will, therefore, have a mai'ked effect on the 
amount of SOg which will be absorbed to produce 20 per cent, oleum and 
the amount which will escape being absorbed in the No. i tower and 
pass on to Nos. 2 and 3 towers to produce 98 per cent. acid. This again 
*has an effect on the strength of the feed acid which can be economically 
used ; thus if reference is made to Table No. 6 it will be found that if 
70 per cent, of thfe SO3 can be absorbed in the No. i towers, theh feed 
acid of 93-7 per cent, strength can be economically employed, whereas 
if the percentage of absorption drops as low as 50 per cent, then the 
limiting strength of the feed acid drops to 84-2 per cent., the volume of 
oleum produced being in the proportion of 618 -8 tOj438-9 respectively. 
If the absorption plant be regarded as a concentrator, then the advantage 
of high absorption in the No. i tower is very marked, since with 70 per 
cent, absorption in No. i tower, 286 lb. of 90 per ceflt. acid can be 
concentrated to 20 per cent, oleum as against 195-5 lb. of the same acid 


if the absorption falls to 50 per cent. 1 x 

It is obvious, therefore, that for good results from the plant, quite 
'apart from the maintenance point of view, that the feed t() the towers 
should be kept as cool as possible, and that either fresh feed acid or 
q8 per cent, acid from towers 2 and 3 should enter the oleum circulating 
system at some point other than the circulating tank, and as near to 

the inlet to the cooler £s piissible. • . 

Referring to Fia^ 20 the feed acid inlet to the 
circulation is^at point "F” and another inlet at • G ^ 

circwlation, and it would be an advantage therefore if the 98 per cent, 
make from»No. 2 tank could be fed in at this owning. . 

If suMcient fall or head can.be arranged for by,placing the 98 per 
cent, acid tanks above the No. i tank, the overflow from Nai tank can 
gravitate to inlet," G.” - If, however, this is not .POf^i^le 
same end "can be accomplished by takmg a pipe •from the 98 per cent. 
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acid pump delivery at " K ” and tapping off the‘ required amount of 
98 per cent: acid to inlet " G,” the exact Amount of 98 per cent, add 
being regulated by means of a ‘constant flo%/ acid meter, similar to those* 
used for measurement" of fresh feed acid. " . ' 

Amount of feed < water, or acid required. 20 per cent, oleum ^ 85*3 
per dent. SOg -}- 14'7 per cent. HgO, which is equivalent to i part 
SP8+'0'I723 part^' HgO. 100 lb. of crude sulphur burned yields 
231 lb. of SOg .*. feed water required per 100 lb. crude sulphur 
burned ='39-6 lb. .• 

Now suppose 70 per cent, acid for feed is used instead of water, theh — 

V 100 parts 20 per cent, oleum =85-3 parts SOg + 14*7 parts water. 

100 parts ‘70 per cent, acid = 57 part's SOg + 43 p^ts wat,ef. 

SOg to be added to 43 parts water in 70 per cent, acid 

8s* a " 

= 43 X ^577 = 2491^,- 

But 100 lb. 70 per cent, acid contains 57 lb. SOg. 

.•. SOg to be added to 100 lb. 70 per cent, acid to form- 20 pfr 
cent, oleum = 249 — 57 ~ 192 lb., which is equivalent to 0*521 lb., 
70 per cent, acid per lb. of SOg. 

By similar calculation the accompanymg curve (Fig. 29), showing 
the amount of feed of various strengths required per lb. of SOg to form 
20 per cent, oleum, has been plotted 



Fig. 39. 
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* » • 
*u 5™de sulpha J)umed yidds 231 lb. of SO,, then the 

wQpreticai ^ount of feed acid of various strengths to produce oleum 
Irom gases froi^ loo lb. crude sulphur will be as gjven in jable No. 4, 


Table 4! 


\ 



o^per cent. ^ Water 
60 per cent. 

6s per cent. 

70 per*cent. 

75 per cent. 

80 per cent. 

•85 per cent. 

•88 per cent. 

*90 per cent. 

•^ per ce;it. 

•95 per cent. 

•98 per cent. - ‘ 


cent. 


Feed acid required per loo lb. 

crude sulphur burned. 

lb. 


20 per cent Oleum pro^luced 
per 1 Jo lb. crude sulphur burnid. 
lb. 


■r 


* 


39-8 

96*0 

105-3 

120-4 

141-2 

170-0 

214-7 

254-0 

287-0 

361-0 

434-0 

636-0 


270-8 

327-0 

.336-3 

351-4 

372-2 

401-0 

445-7 

485-0 

318-0 

591-0 

665-0 
861 *0 


" — — 

Referring bRck to the flow of the plant, shown in Fig. 28, it is seen 
that in No. i tower the circulating acid is 20 per cent, oleum, whilst 
.the feed consists of 98 per cent, acid, which overflows from No. 2 tank 
together with feed water or acid which enters at " G.” It is obvious, 
therefore, that these two feeds must contain sufficient water to absorb 
the amount of SO, which is taken up in No. i tower to produce* 20 per , 
cent, oleum, whilst the remaining feed which enters at “ F ” must be 
in its correct proportion to absorb the SO, which passes out of No. i 
•tower to form 98 per cent, acid for passing forward to No. 2 
circulating tank. , 

The actual amount of SO, taken up in the No. i tower has been 
shown to depend to a large extent on the qoolness of the acid passed 
down the tower, the cooler the acid the greater being' the absorption, 
bift, generally, in a good running plant it is found that about 60 per 
cent, of the SO, is absorbed in the first towers, the remaining 40 per 
cent, being caught in towers 2 and 3, or, more precisely, in No. 2 towpr, 
since the amount of absorption in the last tower is necessarily small 
to ensure that pratically no SO, escapes absorption and passes to 
atmosphere. ' » 

The actual percentage of SO, absorbed by the various towers, 
however, affects the cystfibution of the feed acid, and also the maximum 
strength of feed whith can be employed. It therefore follows that the 
beat effect due to absorption in the two systems* will vary with the 
tem'J)eraturti of the first or strong tower, and the amount of heat to be 
absorbed "Jjy the 98 per^cqnt. acid cooler and the oleum cooler wiljvaty 
according to the amouni of SO,* absorbed to produse 98 per cent, acid, 
and oleum respectively. 


See also Table No. 9 fpr values above 82-4 pertsent. feed acid. 
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With regard to the feed distribution to points " F ” and " G,” it 
has been seen that the total amount, when considering water feed is 
39'8 lb. water per too lb. elude sulphui burned (Table No. 4), this 
amount being split up into two parts in proportion to the absf)rption in 
the towers, one pa.rtv encoring system at " G ” and the remainder 
at '■ F.” 

« Now suppose the absorption in No. i tower to be 60 per cent, ol 
the SOs produced, then 

SO3 a'bsorbed in No. i tower per 100 lb. crude sulphur 

barned '= 139 lb. 

SO3 absorbed in Nos. 2 and 3 towers per 100 lb. crude 

sulphur burned = (J2 Ib. 


231 lb. 


Sufficient water is to be added at point “ F ” to combine with 
92 lb. SO3 to form 98 per cent. H2SO4 .'. water to be added ^ 

20 IV 
= 92 X = 23 lb. 

Total water to be added per unit per 100 lb. sulphur burned 

= 39-8 lb. 

. . water to be added at point “ G ” = 39*8 -- 23 = i6-6 lb. 

Now the feed to No. i tank consists of 

(a) 16 -8 lb. water to be raised to 20 per cent, oleum; 

{h) 92 + 23 — 115 lb. 98 per cent, acid from No. 2 tank 
to be raised to 20 per cent, oleum. 


Then SOg require to make oleum from 

(a) i6‘8 lb. water = i6’8 x - — 97*6 lb. SO3 

147 


115 lb. 98 per cent, acid = 92 lb. SO3 + 23 lb. HjO 
85 - 3 X 23 


147 


= 133*4 lb SO3 required to form 20 per • 
cent, oleum with the 23 lb 
of water. 


(6) but 92-0 lb. SO3 are present in 115 lb. 

98 per cent. 

41-4 lb. SUgmu^it be added to 115 lb. 

98 per cent, acid to form , 
20 per cent, oleum. 


Total SO3 required for {a) and (6) = 97*6 + 41*4 139 lb., 

which from above is the exa^t amount available. It therefore follows 
that if a measming device is used which will pass the exact amount of 
feed water or acid required per unit and a further instrument to split 



^ Calculations : absorption 

One of wHch is exactly suffipient to make 
Lirf^-n in towers 2 and 3, therl the remaining stream of feed 

No. Jbr No't !>"«"“«« “f >S». « absorbed in 

The amount of SO3 to be absorbed in the twrf systems for various 
percentages of absorption is shown in the following fable 


Percentage of SO3 absorbed No. 
or oleum towers, ^ 


Table 5. 

SOj absorbed jxt ioo lb. crude sulphur burned. 
_ ll>. 



In No. 1. Olciitn towers. 

i Nos. j and ^ towers to 

1 produce i>S per cent. acid. 

0 ^ 

^70 per cent. - 

68 per cent. 

j 

162 

157 

i Og 

74 

66 per cent. - . - 

1^2 

79 

^3 

64 per cent. 

148 

•62 per cent. 

143 

88 

60 per cent. 

130 

92 

58 per cent. 

134 

« 

Q 7 

56 per cent. 

I 2 i) 

102 

54 per cent. 

125 

106 

•52 per cent. 

120 

III 

50 per cent. 

II 5-5 

* 115*5 


The maximum amount of oleum which can be produced will occur 
wl^en the feed to the oleum system consists solely of g8 per cent, acid, 
and it therefore follows that the amount of feed introduced must be 
exactly sufficient to form 20 per cent, oleum from the SO3 available for 
absorption in the tower. • 

The maximum strength of feed acid which can be employed 
without dilution will vary with the amount of S03^to be absorbed in 
the strong towers, the greater the SO3 available in these towers the 
stronger the acid may be employed, since a greater volume of 98 per 
cent, acid can be handled iA the oleum towers. * 

. ^ For various percentages of SO3 absorbed in thp strong towers the 

amqjmt of 98 per cent, acid can be calculated which can be dealt with, 
and •finally, the limiting strengths of feed which can be economically 
empl wed, -that is, wi thou, t-* the a4dition of water. * 

'fnese values have been calculated for varioul amounts of SOj * 
* absorbed in No. i tower from 50 to 70 per cent., th§ resillts being shown 
in Table No. 6. 
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^Table '6. - 


<1 

Percentage of absorbed in towers. 

? - 

SO3 available in towers 2 and 
3 to form 98 per cent, acid 
per 100 lb. crude sulphur 
burned. 

J ^ 

Limiring strength 9^ feed 
add which can be intro- 
duced without additional 
water. ^ « 

Per pent. 

0 No. I. 

Ppr cent. 

— f — . 

I^oa. 2 abd 3. 

Per cent. 

70 

^ 30 

69 

93-7 

68 

32 

74 

93-1 

66 

34 

79 

c ‘92 v4 

64 - 

>• 36 

83 , 

91-8 .. ' 

62 

38 

88 

91-03 

60 

40 

92 ' ■ 

90-2 


42 

97 

89-4 

56 

44 

102 

88-4 

54 

46 

106 

87-23 

52 

48 

III 

. 85-9 

50 

50 

115-5 

84-2 

. 


Now suppose it is desired to use 97 per cent, feed acid when the 
plant is running with an absorption of 60 per cent, in No. i towers, then, 
the amount of feed required can be calculated as follows. The available 
SO3 is based on 100 lb. crude sulphur burned. 

Then 

SO3 absorbed in No. 1 tower = 139 lb. 

From Table No. 4, 98 per cent, acid required to make oleum , c 
= 636 lb. per 231 lb. SO3. 

.•. 98 per cent, acid required to n)ake oleum from 139 lb. SO3 
= 636 X ^ = 382 lb. 

Now 98 per cent, acid consists of 80 per cent. SO3 + 20 per cent. (, 
water, therefore 382 lb. 98 per cent, acid will consist of 305-6 lb. 
SO3 + 76-4 lb. water, which of course must represent the composition 
of the feed entering the 98 per cent, circulation together with the SOg to 
be absorbed in towers 2 and 3. 

0 

SO3 to be absorbed in towers 2 and 3 =5 9? lb. 

Then SO3 which must be in feed acid will be 305-6 — 92 =r 213-6 lb. ^ 

From Table No. 7, 97 per cent, acid consists of 
I lb. SOg + 0-2631 lb. water. 

.•. 213-6 lb. of SO3 tyill be confiained if! 

[213'- 6 +, (213-6 X 0-2631)] = (213-6 + 56-2 HjO) 

' I =2^-8 lb. 97 per ceiit. acid ; 


but the water 
tower was,76>4 


calculations; ABsoRpnoiSr 


comjxJnent required in the 98 per cent, feed to No. 


\ 

1 


.•. wator to,be added to 98 per cent, clrculatioivwill be , 

76-4 - 56-2 = 20-2 lb.. 

and the total feed required to towers 2 and 3 b&ome*s 
^ . 269-8 lb. of 97 per cent, acid + 20-2 lb. .water. 

f similar calculations the feed components, for various strengths 

* strength-have been calenlited and 


• Table 7. 


Strength of feed acid 
per cent. HjSOi 

« 

■ — 

100 parts contain 

9 

Ratio SOj to Water. 

so, 

HgO 

60-0 

65-0 

48-978 

51-082 

I : 1*0429 

.‘ 53-059 

46-941 

I ; 0-8846 

70*0 ' 

7.5 •141 

42-859 

I : 0*7500 

75-0 

61 • 223 

38-777 

I : 0*6332 

8o-o 

65-304 

34-696 

I : 0*5312 

82*0 

66-936 

.53-064 

I : 0-4939 

84-2 

68-733 

31*267 

I : 0*4549 

85-0 

69-385 

30-615 

I : 0-4412 

, 85-9 

70*120 

29-88 

I ; 0-4261 

87-23 

71*205 

28-795 , 

I : 0*4043 

88-0 

71-834 

28*166 

1 . 0-3920 

88-4 

72*161 • 

27-839 

, I : 0-3857 

• 89-4 

72-978 


I : 0-3702 

90*0 

73-467 


I : 0-3611 

90*2 

73-630 


1 : 0-3581 • 

91*0 

74-283 


1 : 0-3462 

91 -03 


25-693 . 

1 : 0-3437 

91-8 


25*066 

I : 0-3345 

92-4 

- 7 S '-4 i 


I*: 0-3260 

93-0 

75-90 

24*100 

• 

I : 0-3175 

• 93 'I ^ 

75-98 

24*02 

I : o-3i6i 

* 93 - 7 .. 

76-475 
» » 

^-525 

I : 0-3076 

'95 ’0 

77^-548 * • 

2 j -452 • 

I : 0-2895 

97.0 

79-17 

0 

20-83 

^ • 

» 1 : 0-2631 


e 

i-»— ^ 

i ^ — 
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(Menm cooler. — ^The heat generated in the oleum circulation consists 
of two parts . . * 

(i)Thp heat evolved by the .formation of loo per cent, ^cid from 
the water contained in the 98 per cent, acid entering the 
system, and the SO3 available, 
and 

(2f) Heat of absorption of SO3 in 100 per cent. acid. 


Of the two parts by far the greater amount of heat is developed by 
(i), and for the purpose of calculating the quantity of heat J:o^be dealt 
with in the cooler, (2) can be neglected. * 

From Table No. 8 the maximum amount of 98 per cent, acid evhich 
can enter oleum system per 100 lb. crude sulphur burned - 456-8 lb. 

98 per cent, acid consists of 98 per cent. H3SO4 -|- 2 per cent. HjO 
. •. water contained in 456-8 lb. 98 per cent, acid 
456-8 X 2 

— — 7^37 “ — 9*155 Ih. 

100 ^ ‘ 


Heat of formation of 100 per cent, acid from SO3 (gaseous) and 
water = 386 C.H.U. per lb. of SO3 absorbed. 

100 per cent, acid consists of 81-6 per cent. SO3 + 18-4 per cent, 
water. 


.*. 9-136 lb. water will require 81-6 x 
= 40-5 lb. SO3 to make 100 per cent. acid. 


Then heat evolved will be — 

40-5 X 386 =- 15460 C.H.U. per 100 lb. crude sulphur burned. 

Maximum crude sulphur burned per unit per hour = 1,200 lb. ; then 
heat to be absorbed by oleum cooler will be 

•15,640 X 12 = 187,680 C.H.U. per hour. 

= 3126 C.H.U. per minute. 

= 52 C.H.U. per second. 


Amount of oleum pumped over towers. — The feed to the oleum towers 
consists of 20 per cent, oleum, and sufficient must be put down the 
towers to ensure that the outlet from the towers does not exceed, say, 
23 per cent, oleum. 

20 per cent, (jleum = 80 per cent. HjSO^ -j • 26 per cent, free SO3 
= 85-3 percent. SO3 '-j-'' T 4-7 per cent, water 

23 per efint. oleum ' = 77 per cent. H2SO4 + 23 per cent, free SO|, 

= 85 - 8 j)er cent. SO3 -f 14-2 per c^nt. watf?r 

or ^ = 88-8 503 -hC 14*7 water. ' , 

I 

.*. to each 100 lb. cjf 20 per cent, oleum entering tower we must ad.'l 
88*8 — 85-3 = 3-3 IbiO^ SOs to produce 2 ^ per cent, oleum. - 
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Maximum SO3 to be absorbed will be when there are joo lb. burner 
charges 01 1,200 lb. sulphur burned per hour and 70 per cent, absorption 
in No. I tower^ on which b^sis sufficien^t 20 per cent, oleum will be 
required in circulation to absorb 162 x 12 = 1,944 SO# per hour to 
make 23 per cent, oleum. ' . > » 

As 3 • 3 lb. SO3 require 100 lb. 20 per cent, oleum 


or 


11- -11 • 1.944 X 100 ,1 , 

1,944 lb. will require = 59 ,of^o lb. per hour 

3 3 ) 3 

=i: 26‘3 tons per hour 

ymc rnliir fppf hnnr =- rnhir npr Qprm 


The rise in temperature of the circulating acid can now be 
calculated, since we know the weight of acid and the amount of heat 
which it must take upj. whilst the specific heat of 20 yx'r cent, oleum is 
approximately 0-339. > 

Then — 

Tg — Tj X 59,000 lb. X 0-339 = 187,680 C.H.U. 

« X ^,680 

-59.000 X 0-339 ”^''^ 

If the temperature of the cold acid is to be maintained at, say, 
25° C., then the temperature of the hot acid will be 34-4 — 

Temperature of air surrounding cooler =I9-5°C, 

* Then difference in temperature of air and hot acid = 14 • 9“ C. 


The cooler will consist of a long length of 5 inch internal diameter 
mild steel pipe, with walls J inch thick. 

Then area of 5 inch diameter pipe = 0-136 square foot 

•and ■ velocity of flow will be i foot per second. 


SOME CALCULATIONS IN CONNECTION WITH H.M. FACTORY, AVONMOUTH 

The plant will bfe arranged so that 98 per cent, acid or 20 per cent, 
oleum may be produced as desired. 

• These calculations have for their object to ascertain the size and 
capacity of acid coolers required, the volume of feed or circulating acid 
needed for good absorption, so that the lay-out of the absorption house 

may be altered to suit. , “ 

Each Grillo unit ^s credited with a capacity of 20 tons of SO3 per 
24 hours, on the assurnpiion that the overall efficiency from crude 
97 per cent, sulphur burned will be 90 per cent. 

* " The actual figures are — 

9 tons (2.240 lb.) sulphur (crude), 97 per cent. 

=^'8*73 tons pure' sulphur. 

' =8-12 tons converted to SO3 at 93 per cent, conversion. 

= 8-04 tqns absorbed at 99 per cent, absoiqitioii. 

' '20 -I tons SO3 produced. > ^ 
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C 

The converter system will^ handle morecthan this quantity^ however ; 
in fact, 25/30 tons of SOj carti be got frpm these units at ^e sacrifice 
of a little efficiency. • c „ 

Therefore the absorption .equipment must be proportioned to the 
output of, say, 25'tofiS'S03 daily, although the rating of the units will 
continue to be 20 ions SO3 daily. 

(- * r ' . 

( 

Calculation of the quiMtity of acid required for absorption of SO^ produced. 
Hmt ot absorption. 

‘ (i) Heat of liquefaction — 

gas -► SO3 liquid + 9,560, C.H.U. ' 

.-. for I lb. SO, = 119-5 C.H.U. 

(2) Heat of combination — 

SO3 + HgO = H2SO4 + 21,320 C.H.U. 


for I lb. SO3 liquid ^ C.H.‘U. 

Total heat of absorption for 1 lb. SO3 gas — 386 C.H.U. 
25 tons of SO3 therefore yield— 

25 X 2240 X 386 = 21,620,000 C.H.U. per 24 hours per unit. 

= 901,000 C.H.U. per i hour per unit. 


COMPOSITION OF GASES ENTERINO AND LEAVING ABSORPTION TOWERS 
AND HEAT CONTENT OF SAME 


■ 

N* 

O 2 

^ SO, 

SO3 

^ 1 

Total 

Volume. 

(A) Free air 

(B) After burning sulpliur to form SO2 5 p(T cent. 

(C) After conversion to SO3 - - - - 

(p) After absorption of all SOg- - - _ 

79 

79 

79 

79 

21 

16 

13 -.5 
13-5 

.5 

5 

100, -0 

100 -0 

97-5 

92-5 . 


Thus, 97*5 volumes of gas mixture entering absorption towers 
escape therefrom as 92-5 volumes, i.e., 100 volumes are reduced to 
95 volumes. '• 

The combustion of sulphur to SO, tdeids' gases (considered at 
NTP)*as follows : — , 

S + 0 , = SO, 

32 + 32 = 64 

.-. 32 grams pf sulphur burned ,to SO, require 32 grams of ekygon 
or one molecule volume of o'xygen = 22-4 litres, and yield one molecffiar , 
volume of SO,, t.c,, 22** 4 litres. ' ‘ 

(i lb. = 454 grams. i cubic foot = 28*32 litres.) 
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1 

Therefore i lb. of sulphur 3uelds — 


9 

0 


22-4 X 454 
32 X 28-32 


= 11-21 cubic feet 


SP* 



* ' K 

and ai5 this must represent not more than 5 per centl of the gas mixture 
leaving the burners, we have , 

II -21 X 20 = 224-20 cubic feet of atmospheric air per it. 
of sulphur burned, ^ ) , 

For «ach lb. of sulphur burned the gases leaving the burner will b? 

Cu. ft. l!b. ’ 

Nitrogen (224-2 \ 7 g per cent.) = 177-12 = 13-82 
Oxygen (224 ’>2 x 16 per cent.) = 35’87 = 3-19 
SOj (224-2 5 per cent.) = 11-21= 2-00 


Total =224-20 19-01 


M _ ^4 X -4^ = 12-82 cubic feet per lb. 
~ 28 28-83 

0 » = X — - = 11-21 cubic feet per lb. 
* 32 28-33 

SO« = ^ X 4 ^ 1 -= 3-61 cubic feet per Ib. . 

454 ^ 4.485 cubic feet per lb. 


SO = X 

80 ^28-33 


'Convenion to SOa.-When these gases pass through the platinum 
converters the SOj is converted to SO3 thus . 

2 VoL I vcfl, 2 vol. • 

2SO2 “h O2 = 2SO3 

and the contraction in volume indicated on page 94 takes place, n^^, 
the 16 volumes of free oxygen suffer decrease to 13* volumes, whilst the 
SOj formed occupies the same volume as the original bUj. 

The gases actually entering the absorption towe/s (considered as at 
NTP) will then become per lb. sulphur burned 

Nitrogen - = 177-12 cubic feet. 

Oxygen ~ = >• 

SO*, ^ ” 

Total =918-58 , cubic feel ^r lb. sulphur' 
B^ed at 200 per cent, conversion. 
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As these gases enter absorbing towers at 50® C. and leave at 25® C., 
their volume becomes : — . . ■ * 


' 

Entering tower. 

Lea’ing to 

Nitrogen, cubic feet 

■ 209-5 

193-40 

Oxygen, enbr fet-t 

- 35-8 

33-0 

SO3, cubic feet , - 

j 

- 13-3 

12-34 


258-6 

238-74 


Volume and weight of gases entering tower. 25 tons SO3,' assuming 
93 per cent, conversion, would be equivalent to 10-75 tons sulphur 
(as pure) burned per 24 hours. 


Or— 


10 '75 X 2240 


24 


— ^ — 1,003 Ih. sulphur per hour. 


Say, 1,000 lb. sulphur per hour. 
The weight of the several gases is as follows : — 

Nitrogen — - 1721^3 = 13-82 lb. N. 

12-8 cubic feet * 


Oxygen 

SO3 


30-25 


II -21 cubic feet 
11-21 


4-480 


= 2-7 lb. 0, 
= 2-5 lb. S03 


Total = 19-02 lb. gas mixture per lb. 
■ " sulphur burned. 

Specific heat gases (at constant pressure). 

Taking nitrogen at 0-2438 
T aking oxygen at 0 • 2 1 75 
Taking SO3 at 0-1370 

Volume 0! 98 per cent, absorbing acid required. — The SO, is most readily 
absorbed by 98 p(!r cent, sulphuric acid, and it is desirable to keep the 
strength of the acid as nearly as possible to this figure. 

Acid of gg| per cent, to 103 per cent. H2S04 is extremely corrosive 
and quickly destroys steel, and at the samci time is very likely to 
crack or disintegrate cast iron -due probably to dissolved SO3 which 
penetrates the cast-iron and forms sulphate. 

It is, therefore, the practice to keep thp strength of the absorbing 
acid at 98 per cent, entering, and not more than 99^ per cent, leaving 
the absorbers. 

Quantity of acid required to absorb 25 tons of SO3' daily would 
be ; — , 

25 tons SO3 =jr 30-62 H2SO4 = 30-78 tohij' 99 J per cent', sulphuric 
acid. 1 

.-. 5-78 tons KjO, kre taken up by the SO^ 
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100 tons of 98 per cent, feed acid woul(J 5deld : — 

98J tons of 99i per cent. ,acid. so that— 

1-5 tons water would be available for absorbing thfe SO, per 
100 tons 98 per cent, feed acid. 

Q '^ 1 ) 

kJL — 2U22.= 385-3 tons of 98 per cent, acid must be fed into 
^‘5 towers per 24 hours.* 

The output of the towers will then be 

Tons. ■' 

Feed acid . - - 385-3 

SO, - - - 25-0 

♦ • — —— 

. 410-3 of 99 J per cent, sulphuric acid. 


Therefore, one Grillo unit producing at the rate of 25 tons SO, 
daily, would require daily 385 - 3 tons of 98 per cent, feed acid, and on 
this basis, the pumping equipment should be calculated. 


o Heat balance of absorption sirstem of one Grillo unit. — From the data 
developed in foregoing paragraphs there is : — 

Entering towers per hour on basis 25 tons SO, daily . — Equal to 
1,000 lb. sulphur per hour at 93 per cent, conversion. 

,, Assume acid to enter absorption towers at 20° C. 

Assume gases to enter absorption towers at 60° C. 

Assume gases to leave tower at 20° C. 

(This figure is purposely taken instead of 25® C. as mentioned 
on page 96 in order to make the case more difficult.) 

C.H.U. 


Nitrogen 1,000 x 13-82 lb. X 0-2438SP. ht, 
Oxygen 1,000 X 2-7 X 0-2175 >x 60° C. 
.SO, 1,000 X 2-5 X 0-1370 X 60° C. 


.,385-3x2.240 

AlsorhngMii ■ 


, per hour. 
X 60® C. = 202,200 
, = 35.220 

= 20,550 


X 0-357 X 20° C. = 256,761 


514.731 

Add heat of reaction — 

(25 tons S03_x 2^40) ^ c.H.U.'= 901,000 

^ 24 hours '' ^ 

Total C.H.U. entering tower + heat of reaction 

■ Total - (A) 1,415.731 

Heat contsfined in gases leaving towers— , 

Nitr'igen 1,000 X 13 '83 Ib-.X 0-2438 X 20® C. = 67,540 
*Oxygeri 1,000 X 2-7 lb. x 0-2175. X 20 C. = ^ 11,740 

Total - /^B)r 79,280. 
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Deduct^ total (B) from total (A) to determine heat conveyed away 
from towers'by the 385*3 tone of feed' acid '+ the 25 tons SOa^absorbed — 

' - ' '■ , 'C.H.U.* 

Total (A) - - - - 1, 41-5.731 

Total (B) ' * - - - - - 79(1*^ 


•Difference (C) - 

Acid leaving tower per £4 hours — 

Feed acid - - - 

SOj absorbed 


■ i.'336.45i 

■ L 

Tons. 

• 385-3 
- ? 5 *o 


Total 99J per cent, acid 


- 410*3 


■ Then total (C) represents the number of C.H.U. which must be 
removed from the towers per hour by the acid. 

1.336.45J , 


410*3 X 2,240 X 0*3^7 (specific heat of 99 J per cent, sulphuric acid) 
24 

= 97*8®C., temperature of acid entering cooler. 

{3) Heat to be eliminated per hour by coolers : — 

Acid entering coolers — C.H.U. 

410*3 X 2240 X 0*357 X 97 - 8 ° C. 

24 hours 

Acid leaving coolers — 

410*3 X 2240 X 0*357 X 20° C. 

^ 24 hours 


= 1.336.450 


= 273,200 


Difference is the quantity of heat 
to be eliminated per hour - i ,063,250 


Cooling surface required . — Authorities vary as to the rate of heal 
exchange as between acid and cooling water through the medium ol 
cast iron, and in default of better information the following figures, 
which are in substantial agreement with practice in acids factories, arc 
assumed « < . 

One, square, foot of cast-iron 0*5 inch in ‘thickness will pass pel 
houj when the temperatures are respectively 77® C. and 20® C., 14 C.H.U 
per degree. 

We then have — 

I 06 ^ 2^0 *' 

I4 l r j97**8 - 2 0) 975 square fe^t of surface required. 
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• 

Capacity of SO, cooler. — 25 tons SO, per 24 hours. 

. = 1,000 Ihs. sulphur per burner. 

I lb. Sulphpr burned yields — 

Nitrogen 
. Oxygen 
* SO, - 


After phssing'convcrter these become — 

Nitrogen - . - - 177 '12 cubic feet "i’ 

Oxygen - ’ - - 30 ’25 cubic feet > At NTP 

SO, - - • II '21 cubic feet J 

218*58 


- ,177*12 cubic feetl 

- ’35*57 chbic feet >At NT]^ 

- 11*21 cubic feet) 

• ^ 

■ • 

224*20 ^ 


The cold $ 0 , leaves blowers at, say, 20° C. and enters heat* 
* exchanger, where it passes through tubes heated by SO, from converters 
at, say, 400° C., thus the SO, becomes heated at the expense of the SO,, 
which becomds cooled. 

The specific heat of the two gas mixtures is substantially the same, 
ISO that something approaching equlibrium of condition may be safely 
assumed in respect to temperature to be attained. (This assumption is 
made to obviate more or less unreliable calculations re heat transference 
through tubes, &c., of exchanger.) 

The following conditions are assumed : — 

^nteys exchanger. Leaves exchanger . 


SO, gas 400® C. 
SO, gas 20® C. 


400 -f 20 
2 

400 + 20 * 
2 


= 210® C. 
= 210® c! 


All data necessary are now available to enable the quantity of heat 
contained in the gases leaving the heat -exchanger to be calculated, fropi 
* which can be deduced the quantity which must be removed m the 
SO, coolers. 






C.H. U. contain^ in the SO^ gas entering the heat-exchanger. 
(Weights of gases corrtsponding to the volumes per lb. sulphur 
burned are taken froffi page 95.) . ^ 


* ^nter SO, gas — , 

Nitrogen »j^*iooo X 13*8^ y 0*2438 X 20® C. 

Oxyg&i 1000 X 3 * 19* X 0 * 2175 X 20 C. 

SO, 1000 X 2*0 X 0*154 X20 C. 




67,400 

13.880 

6,i6o 


C.H.U. 


87.440 
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SOs gas— 

Nitrogen looo X 13-82 X 0-^438 X 400°^ C. = 1,348,000 

Oxygen iwoo X 2>-7 X 0 ' 2175 X 400° C. = 235, Qoo 

SO3 1000 X 2*5 X 0-1370 X 400° C. = 137,000 


C.H.U. 


1,720,000 


'1, 807,440, 

Leave .'5U2 

Nitrogen ' 1000 x 13-82 x or- 2438 x 210° C. = 708,000 ' , 

Oxygen 1000 X 3-19 X 0-2175 x 210° C. = 145,700 ' . 

SOg' 1900, x 2-0 X 0-154 X 210° C. = 64,700 . 

9i8,400 

SO3 gas— - ^ 

Nitrogen 1000 x 13-82 x 0-2438 x 210° C. = 708,000 

Oxygen 1000 x 2-7 x 0-2175 x 210“ C. 123,400 

SO3 • 1000 x 2.5 x 0-1270 X 210® C. — 71,900 

,903,300 

Total C.H.U. 1,821,700 ' 

Thus the gases leaving the heat-exchanger and entering the 

SO3 cooler (SO3 cooler assumed to include the 10 inch pipe) contain 

903,300 C.H.U. per hour. 

The gases entering the absorbers at 60® C. contain, from page 97 
Nitrogen - - 202,200 C.H.U. 

Oxygen - - 35,220 

SO3 - - - 20,550 


257,970 „ 


Therefore 903,300 — 257,970 ~ 645,300 C.H.U. must be removed 
per hour from the gases. 

The 10 inch steel pipe from the heat-exchanger to the SO3 cooler 
may be taken as 2 x 120 feet long (as there are two heat-exchangers 
and two pipes). 

External diameter of this pipe, io| inches. 

Surface of i foot length 

10-75 x 3*1416 „ ^ , 

^ ” j2 ~ 2-814 square feet. 


2-8i X 240 = 675 
Headers 94 


Total surface = 769 sqqare feet. 

Atr Cooling. , 

' Temperature of SOg - 210® 
Telnpurature of air - , ao® 
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As the temperature wil^ not ^remain constant throughput, the mean 
teipperature difference will be taken as * 

^ Leaving exchanger *- - mo° 

Entering absorbers ^ - - 6o® 

Ti/r * . 210*+ 6o* . » • 

Mean temperature — = 135 

Temperature of air - - 20, 

Mean temperature difference 135 —^0 — iis'’- , 

Radiation loss per hour by Newton’s IsPw 

• 115 X 2-8i X 0-64 — 206 C.H.U. , ^ 

^Factor for temperature difference 115° and air temperature 20 

= 0’64). '• , n t 

Developing this in accordance with Dulong’s law (factor for 
temperature difference ^15" and air temperature 20" 1-79) 

206 X 1-79 —*369 C.H.U. total loss by radiation 

Convection loss (factor is 0-478 C.H.U. per square foot) 

115 X 2-8 i X -478 = 154-5 C.H.U. 

To conform* to Dulong’s law (factor 1-67) 

154' 5 X 1-67 = 258 C.H.U. 
total loss by convection per hour per foot run. 

Therefore total lost by radiation and convection becomes 

Radiation 369 
Convection 258 

Total 627 C.H.U. per hour per foot run. 

Surface of pipe per foot run is 2 - 81 square feet. 

^ 223 C.H.U. per hour per square fdot of surface for 
’ ’2’8i conditions stated. 

Cooling surfaces needed in order to eliminate by air cooling the 
heat contained in the gases produced by the combustion of 1,000 lb. of 
sulphur per hour, after same have left heat-exchanger . 

Heat units to be eliminated (page 100), 645,300 C.H.U. 

• Heat lost by radiation and convection per hour per square foot toi 

above conditions per square foot, 223 C.H.U. 

. ^45.300 ^ ^ surface required. 

Surface available in ip inch pipe and headers, 769 square' feet. 

Total surface to' be provided as 6 inch pipes as coolers, 2,124 

^'^Tinch internal diameter = 6-5 inch ext;prnal diameter. 

, 6‘5 X 3 'f^ 4 i^ -x 1-70 ^uare feet per foot ran. 

• ^ = 1,250 feef ot 6 inch pipe require^^for cooler. 

■ • I-; 
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t 

Absorption System— Queen's Ferry Grillo Plant 

In the following, the thermal effects in the Grillo absorptfon 
systems are determined practically and calculated thebretically from 
first principles. , , • 

The practical results are shown on Fig. 30 and the theoretical values 
appear on Fig. 31/ 

The scales are fhe same in both prints, and the discrepancies in- the ' 
practical figures are fjrobably due to the impossibility of pleasuring 
accurately all the thermal effects. , , ^ ' 

Heat efieots lu absorption system. — In the accompanying table,! the 
results of several experimental runs on oleum and 98 per cent.'-units 
are given, showing the temperatures of the gases^and acids at different 
parts of the circulation system, and the amounts of heat involved for 
varying sulphur charges. ' 

The codler surfaces were found by actual measurement to be 
272 feet for the oleum cooler, and 1,212 feet for the standard cooler. 

In some cases the acids entering and leaving the towers were c. 
analysed, but the absorption calculated from these were figures divergent 
from those indicated by theory. 

One of the most difficult parts of the work was the accurate 
estimation of the amount of acid thrown by the pumps ; the throws , 
found are the most accurate that could be obtained under the 
conditions. 

The measurement of the feed acid is a source of error; in no case 
was it found to correspond with the theoretical amount, being more 
than double in one case. The units appear to oscillate between limits, 
and are generally, found to be either too strong or too weak. • ‘ 

The heat given out by the mixing of the returns from the towers and 
the incoming feed acid is somewhat pncertain, as the temperature of 
mixing is taken 'within a v^sry short distance of the spot where the acids 
meet; it is probable that complete mixing is only obtained further 
along in the system, so that a low figure is obtained for this quantity. 

, The figure for radiation was taken by the heat rise in a quantity of , 
sulphuric acid, contained in a narrow lead box of 1 square foot surface, 
placed within an inch or so of the surface of an oleum tower, in unit 
time (i hour). ^ 

The heat given to the acid came to nearly 5^ per cent, of the total 
heat measursd, and this figure was taken , as a standard correction; 
this correction, in the case of the 98 per cent. umt,*must be higher than 
this figure, since the heat evolution is greater and the temperatureSj of 0 
the surfaces of the towers higher. < « 

The loss of heat in the last two towers has, in each case, been 
• neglected. r , ■ •' ' 

The specific heat of acidi over 100 per cent. H1SO4 has been taken ^ 
as 0*34, and acids 100 per cent, as 0’35. 

See' table on foUouilig page. 
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Calculation Of heat evolved in abeoriitiai QWtem./ Oleom unite. — Six 

absorption tov«ers are arranged in two* parallel groups of three towers 
in senes. ‘ 

Acid of approximately 99 per cent, strength is fed over ‘the back 
four towers, and acid of 165 per cent, strength is pumped over the front 
pair of towers. • * • 

Tne feed acid may be of any strength, as it is blended with the 
acid issuing from the fcack towers to make 99 per cent, acid — the excess 
of 99 per cent. acid‘ovjcrllows continuously and mixes with the strbng 
oleum issuing from the front pair of towers to give 22 per cent, oleupi 
which is pumped over the two strong towers — the excess running off 



There are practically two systems : — 

, System A produces 98-5 to 99-5 per cent, sulphuric acid by combining 
SO3 witli 91 per cent, feed acid — the heat of the combination being 
removed in the acid cooler. 

System B is fed 'with the 99 per cent, acid made in system A and 
absorbs a certain part of the total SO3 to make 22 ppr cent, oleum, which 
is the final product. • , 

Calculation o| heat evolved in Systems A and B when making per cent. , 
oleum and burning 60 lb. sulphur per burner hour. 

< Physical Datu. , , 

Feed acid S^A - - ' - * 91*4 per cent. H,d04 

Acid foru'arding from A to B - - ^ 99 ’5 per cent. H2SO4 

Acid produced B - - , - ‘ 105 per cent. H2SO4 
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Sulphur burned .«= 720 lb. per hour (98 *5 per cent, purity). 
Pure sulphur = 709 4b. pdr hour. . ’ " 

Gases to towers i and 4 , =n:6° C. ^ . 

Gases from towers i and 4 = 54“ temperature = 

Gases to towers 2 and 5 = ^4“ C.- 1 . 

Gases to exit = 34° C. temperature = 


ib5 


2° c. 
29° c. 


Calculations. 


(A) Feed acid per hour = 2,056 lb. 

99-5 per cent, acid produced = 2,y'f8 lb. 

(B) 205 per cent, acid produced = 3,678 lb. 


absorbed' = 722 lb. 
SO3 absorbed = 90P lb. 


Thermal System “A.” 

(1) Condensation of galeous to liquid SO, (positive). 

(2) Resolution of feed acid into 99-5 per cent, acid and water 

(negative). * 

(3) Solution of liquid SO3 in part of the resolved water to form 

monohyd/ate. 

(4) Dilution of monohydrate thus formed to yield 99-5 per cent. acid. 

(5) Heat given up by converter gases. 


Determination of factor (i), 

SO3 gaseous -- SO» liquid + 9,560* C.H.U. 
80 lb 


722 lb. 


9560 X 722 
80 


= 86,280 C.H.U. 


Determination of factor No. (2). 

Imagine feed acid (2,056 lb.) split up into 99-5 per cent, acid and 
water. This will require a quantity of heat equal gnd opposite to that 
given out when 2,056 lb. of feed acid is formed by dilution of 99*5 per 
cent. acid. * . . . , 

The curve showing the relation between dilution' of H3SO4 and 
the heat evolved is a rectangular hyperbola, which can be represented 
by the function — 


HoSO., «H,0 


n X 17,860 

7983 


98 lb. n-\-i 
where n = number of lb. molecules of water. 
For 99-5 per cent, acid — 

, 0-5 X 98 

using this value for n in above formula. 


']^is figure^is got as follows : 


(1) 

(2) 

(3) 

(4) 

(5) 


SOggas 

S 

S 

S 

SO,g& 


+ 

+ . 

+ Os = 
+ Os.= 


SOs gas. + 22.600 cal. (Berthelot). 

SOs g^LS. 4 71.080 „ (Thsmsen). 

SO3 gas. 4 (22^600 4 71.080) = 93,680 cal. 
SOs Uq. 4 103,240 cal. 4 Thomsen). 

SOs Jiq- + (203.240 - «.686) = 9.560 cal. 
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98 lb. of H1SO4 diluted to 99*5 per fent. strength = 267 C.H.U. 

For 91 • 4 jJer cent, acid — • 

• 8-6 X 98 

*« = 9 -r 4 l^ = °- 5 ^" 
then in the same way — • , ' 

98 lb. H2SO4 diluted to 91-4 per cent, strength == 3,960 C.H.U.* 

• The difference (3,^60 — 267), t.e., 3,693 C.H.U., is the heat ^ven out ^ 
when 99*5 per cerft. acid containing 98 parts H2SO4 is diluted to * 
91*4 per cfcnt. acid. ' , , 

Now, 2,056 lb. 91-4 acid = 1,879 lb. of 99-5 per cent. Acid + 1*77 
of HjO. 

.-. Heat absorbed = X 1,879 C.H.U. 

Determination of factor No. (3J. 

HjO + SOg (liquid) = HgSOg + 21*320 C.fa.U. 

80 lb. 

722 lb. ^ c.H.lJ.^ 

Determination of factor No. {4). 

98 parts monohydrate diluted to 99*5 per cent, acid --*267 C.li.U. 


722 X 98 267 X 722 

• • for — g3 — lb. HgSOg = — 


2,410 C.H.U. 


Determination of factor No. (5). 

Gases are cooled through 20° C. 

Disregarding contraction and alterations of density due to formation 
of SOg, &c., and counting gases as air : — 

(i lb. S gives 10*93 cubic feet SOg at 97*5 per cent, yield.) , 

• 20 X 0*24 X 0*08 X 709 X 10*93 X 100 ^ „ 

Heat given up = ^ C.H.U. 

• = 59,520 C.H.U. 

* This figure is arrived at more easily by using the graph on page 122, Figs. 41 and 42. 
Thus— 

100 lb. df 99*5 per cent. =99*5 lb. H2SO4 + 0*5 lb. HgO 


100 lb, of 91*4 

8 *6x 99-5 _ ^,^6 lb. HjO required to form 

91*4 ,, 91*4 acid. 

but 0 • 50 lb. already along with 99 • 5 lb. 

. HaS 04 

•8*P6 lb. to be added to 99*5 per 
100 ’00 • cent. acid. 

■ « 
giving 108 • 86 lb. 91 • 4 pen cent. aci(} . 

Fr^m the graph, the amount of hlat evolved when 100 lb. of 99*5 per cant, of abid is 
^diluted to 91 *4 per cent^by addition of 8*86 lb. IJjO is • • 

, • 3,750 d.H.U. 

o B? — ==v70,p£)0 C.H.U. for 205 lb. 91*4 pfer cent. acid. 

I lOo • 00 • # • ^ • 


= 91-4 lb. HgSO, + 8-6 lb. HgO 



CALCULAIf ONS : ABSORPTION 


tof 


Total « (1) + (3*) + (4)^+ (5) _ 

• 209,090 C.H.U, ^er hour gei^ated in System *A. 

• System " B,” i.e., front towers and circulating tan%. 

(1) Heat of condensation of SO, gas'to Saj.lifuid. 

(2) R^olution of 99-5 per cent, acid into monohydrate and wafer. 

(3) solution of hquid SO, in the water formed tq give monohydratp. 
^lution of SO3 in monohydrate to give 22 pSr cent, oleum. 

( 5 ) Ivat given up by gases in cooling from 56* to 54° C. 

(ij Condensation of SO3 gas to SO^ liquid. 

SOg gas = SOg liquid rf 9,560 C.H.U. 

80 lb. I 

QOO » 

900 lb. = -g^ X 9^60 = 107,600 C.H.U, 

(?) 99 ' S oent. acid containing 98 lb. HSO. split up into 
. H^O^ and H.O. 

Require 267 C.H.U. 

2,778 lb. 99*5 per cent, acid 2.764 lb. HgSO, + 14 of HgO. 

.•. Heat absorbed = - 267 + = — 7,530 C.H.U. 

(3) Absorption of Liquid SO, in 14 lb. H ,0 to give monohydrate. 

14 

— Jg X 21,320 = 16,600 C.H.U. 


(4) Absorption of remaining S 0 „ i.e., (900 - 62 = 838) lb. in monohydrate 
, to give 22 per cent, oleum. 

This is calculated from the heats of solution in large quantities of 
water of 22 per cent, oleum, monohydrate, and liquid SO3 respectively. 

Thus the heat of absorption, of liquid SO3 in monohydrate = heat 
of solution of HgSOg + heat of solution of SCg liquid —’heat of solution 
of f22 per cent, oleum. 

SO3 + HjSOg 22 per cent, oleum, 

(o’22 lb. +0*78 lb.) -► I lb. oleum. 

(а) Heat of solution of i lb. oleum = 245 C.H.U. (Knietseh). 

(б) SOg liq. + aq. = 39,180 „ (Thomsen). 

.•. Heat of solution of 0*22 lb. SOg = 107*7 * » 

.{c) HgSOg + aq. j = 17,860 „ (Thomsen) 

.’. Heat of solution 's>ii)-y 8 lb. HjSO^ = 142 „ • 

(^) + (c) ~ (<*) = of solution of SOg in jnonohydrate. That 
is 197*7 + J42 — 245 = 4*7 C.H.U. in the heat of solution of 0*22 lb. 
SOj in 0*78 lb. H2SO4, or — 

* = 21 C.H.\J. per i*lb. of SO- absorbed, 

. -. Heat of absorption 0/ remaining SOg = 8^8^ x «l = 17,209 C.H.U. 
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(5) Heat given up by converter gasts. 

2 X 0*24 X o-o8 X 709 X 10*93 X 100 C.H.U. 

^ ^ ^ = 5,952 C.H.U. 

Total = (1) + (3) + (4) + (5) - (2) 

= 139,820 C.H.U. given out in System B {i.e., in two strong 
, towers and circulating tank). 

This heat is dissipated by — 

(i) Oleum leaving system— the temperature of this should liot 
exceed 30° C. 

"(2) Radiation from surface of towers. 

(3) Acid coolers. 

(i) and (2) are small compared with (3) and may be set off against 
the decreasing efficiency of the coolers due +0 gradual sulpha ting of 
the interior of the pipes. 


Coolers. 

The oleum cooler has only 280 square feet of surface, so that the 
duty per square foot per hour is — 

139.512 

280 


= 500 C.H.U. per hour per square foot. 


The 99 per cent, cooler has 1,220 square feet of surface and the 
duty is — 

269,690 

— — " «= 221 C.H.U. per hour per square foot. 

These calculations refer to 60 lb. charges. 

With 90 lb. charges all these figures will be increased by 50 per cent. 


Calculatioa of heat evolved in making 98 '5 per cent. acid. 


98*5 per cent, acid on 60 lb. charges. 


Physical data. 


S/A 

Sulphur burned 


Per cent, efficiency 

.•. SO3 produced 
Tenjperature of gases to tower i 
Temperature of exit gases ^ 


91*4 per cent. H2SO4. 

720 lb. per hour at 98*5 per 
cent, purity. 

709 lb. pure sulphur. 

91 -.s* 


1,622 lb. 'per hour. 
35° C 


20-° C. 


Calculation, 

Feed acid per hour = 5,483 lb. \= 98*5 per cent, acid formed. 
SOg •^= 1,622 /=7,J05lb. ' 
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Thermal sj’s/m. 

Negative (i) heat of resolution of feed acid into 98 ’5 'pa* cent, acid 
juid free w^ter. • • , 

Positive (2) heat of combination of SO, and free water to form 

Positive (3) heat of dilution of H2SO4 (100 per cent.) to 98*5 per 
cent. acid„ ♦ 

* Positive (4) heat of condensation of gaseous to liquid SO3. 

(5) heat given up by converter gaseS. * 

Determination of factor (i). • 

Affinity of H2SO4 for ’HjO in 98*5 per cent, acid is represented by 
equation — * 

H*S^4. WHjO ^ 

where n — no. of lb. molecules of water. 

98-5 parts H2SO4 + i’5 of HgO = 100 of 98*5 per cent. acid. 

I.C., 98 of H2SO4 require i *49 of HjO. 

^ 1149 =:r 0-0828 

lo 

[a] Expression becomes 

0-0828 X 17860 o/; i- u TT t o 1%. IJ 

^798-3 = ‘Of 98 ">• “■SO.- . 

Affinity of 98 parts H2SO4 contained in acid of 91-4 per cent, 
strength for the water solute. 

• 91-4 parts H2SO4 + 8-6 of HjO — - 100 parts of 91-4 per cent. acid. 

i.e., 98 of H2SO4 requires 9-22 of HjO. 


n = '-i„- = 0-5L2 


% 


_ 9 ; 2 ^ _ 
18 

0-512 X 17860 


=* 3960 


* ’ 0-512 + 1-7983 
(J) -- («) = 3960 — 786 = 3,174 C.H.U. (for 98 lb. H2SO4). 
H2SO4 contained in 5,483 lb. feed acid = 5483 X 0-914 = 5,011 lb. 

~ ^ 3’^74 = 162,300 C.H.U. (negative). 

^ i 

Determination of factor (2). 

‘ SOj -f H2O = H2SO4 + 21,320 C.H.U. 
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Determination of factor (3). c 
80 parts SO, give 98 H,S04. ' ' 

q 8 y ^ t 

1,622 so, giVe - — — lb. HjSO, diluted to ‘98*5. per cent 

•j • ^98x1622 786 -„,. ^ ^tttt 

acid gives out - — — X C.H.U. = 15>940 C.H.U. 

( 

^ . Determination of factor (4). 

SO, gaseous = SO, liquid + 9,560 C.H.U. 

80 lb. 

9560 X 1622 
80 


1,622 lb. = 


= 193,800 C.H.U. 


Determination of factor /5). 

Heat given up by gases. 

Weight of gases : i lb. sulphur gives 10*93 cubic feet SO,. 

5 per cent, gas; neglecting contraction, &c., due ,to formation of 
SO, and reckonmg all gas as air. 


Mass = 


70 9 X 10*93 X 100 
5 


X 0*08 lb. 


sp. ht. 0*24 Fall in temperature = 20® C. 

^ . 20 X 0*24 X 709 X 10*93 X 100 X o*o8 

C.H.U. given up = — 1 


= 59,520 C.H.U. per hour. 

Total per hour = (2) + (3) + ( 4 ) + (S) - (i)- 

== 432,300 + 15,940 + 193,800 + 59,520 - 162,300.' 
Total = 539,260 C.H.U. per hour. 


ibis heat is. dissipated. : — 

(1) By acid cooler (1,220 square feet surface). 

(2) By radiation from absorption towers. 

(3) By raising temperature of acid leaving system. 


Radiation loss. 

This was done by noting the rise in temperature of a suitable liquid 
contained in a rectangular lead box lagged on all sides except one which 
was blackenpd ; and was placed parallel to the surface of the tower. 

The area of this surface exposed to radi'atibn \vas 1 square foot. 
Practice )ly all radiation takes place in the first four towers, and of ( 
these tjie lower half is hotter than the upper half. « i 

.^together 50 per cent, di the total surfac was taken as. radiating, 

, and the value obtained from this wss 2o,clo0 C.H.U. per hour,* * ^ / 
approximately 4 per cent, of <the total heat evolved. 

, i.ef radiation loss = 20,000 C.H.U. 
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lit 


Heat tak*tn away 98*5 per cent, acid leaving system. 

, temperature of ttts acfd should not exceed 28* C. 

Initijd temperature of feed acid = 18° C. 

Rise in temperature, 10® C. 

Heat ab^rbed by acid leaving =.*total*heat of this acid less heat 
contamed m feed acid. • * • 


= ^105 X 0-35 X 28) - (5483 X 0-36 X 18) 

. = 69592 - 35,530 = 34.099 C.H.U. • 

. '. Heet to be removed by coolers =i 539,260 — (20,000 *•+• 34»099) 


485160 


• = 485,160 C.H.U. 

say, 400 C.H.U. per square foot per liodr for a 60 lb. 
1 charge. 


Absorption System? at the Grillo Plant, Avonmouth, and 
Comparison of Results obtained in the Queen’s Ferry Plant 

, Units tor makmg 98 per cent acid or 94 per cent. add. — On these units 
98 per cent. ac,id is pumped over all six absorption towers, the resulting 
acid being approximately 99 per cent. 

^ The acid so formed is broken down by water to give 98 per cent., 
the greater part of which re-circulates, and the remainder either passes 
out of the system or into the mixing tank to make 94 per cent. acid. 

The absorption system is shown diagramatically below : — 



i 

« QiiftwHtiiw d SOs and add involved.— On a 50 lb. sulphm: charge 
(14 burners, 94 per cent, recovery) the'SOs absorbed per hour .will be 
1,6^ lb. * ’ ' , « • 

Now, 4-25 lb. SOj added to 100 lb. $8 per cent, apid give 104*25 lb. 
of 99 pei; cent. acid. 
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Therefore, the quantity of 98 per cent, circulating per hour to 
absorb 1,630 IB. SO3 will be 38,350 lb., and the quantity of 99 per cert, 
so formed will be 39,980. 

The 99 per cent, acid will require 420 lb. of water to break it down 
to 98 per cent, agran, of this 38,350 lb. will re-circulate and the 
remaining 2,050 lb. will either pass out of the system or be broken down 
in +he inixing tank to give 94 per cent. acid. 


HeatK»ntribating factars. — The heat to be dissipated in the absorption 
system from the following factors : — 

(1) Heat evolved in adding water to the system, i.e., breaking 
down the 99 per cent, acid to 98 per. cent. 

(2) Heat of condensation of gaseou.' to liquid SO3. 

(3) Heat developed by the solution of liquid SO3 in 98 per 
cent, acid to give 99 per cent. 

(4) Heat given up by gases passing through the absorption 
system. 

The actual heat effects of these various factors are calculated below. 

(1) 100 lb. of 99 per cent, acid plus 1 lb. H^O giving 101 lb. of 
98 per cent. H3SO4 evolve 500 C.H.U. (from graphs). 

Or = 505 C.H.U. per 100 lb. of H2SO4 in form of 99 per 

cent. acid. 


Conversely the amount of heat absorbed in resolving 100 lb. of 
H2SO4 in the form of 98 per cent, acid into 99 per cent, acid and free 
water is — 505 C.H.U. 

Therefore, 39,980 lb. of 99 per cent, breaking down to 98 per cent, 
will evolve — 


39,980 X 500 

lOG 


200,000 C.H.U. 


(2) SO3 gaseous = SO3 liquid + 9,560 C.H.U. 

Therefore, 1,630 lb. SO3 = 9^5^ ^^>630 _ qqo c.H.U. 


(3) This can be treated as three separate operations — 

(а) Resolution of 38,350 lb. of 98 per cent, acid (37,600 HjSOj 
into 99 per cent, and water 37,600 x 505 = — 189,800 C.H.U. 

(б) ,v Absorption of 1,630 lb. SO3 in part of this resolved water 

to form mono%drate — ' " 


SO3 ^iq. + HjO = H2SO4 + 21,320 C.H.U. 

' 1,630 X 21,320 

= ,434,000 

C . ' 

(c) Heat of (^lutiop of =■ 1.996 Ib, 
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100 per cent. HjSO^ to qg per cent, (from graph) approximately 
+ 10,009, • * . 

Total heat for solution'of 1,630 Ib.SOa in gS^per cen^. acid 
= 6 +c - « . 

, = 254,200 C.H.U. * . » . 

(4) The weight of gases passing through tl;e system based on 
'5 per cent! SO3 at converters will be — • ' * • 

I lb. S = 2 lb. SOj, at g4 per cent, yield = 2 K -94 = i‘8f lb. SOj. 

' I lb. SO2 = 5 ‘ 6 i cubic feet i’88 x*5’6i = 10 -55 cubic feet SO,. 
Combustion gas contains 5 per cent. SO,. 

’ -«io-55 X 95 . » » * 

• j — 200-^ cubic feet air along with SO,. 


I cubic foot air =’o-o8 lb — 

t 

, Air, 200*45 x o*o8 - 
,S 0 „ 10*55 - 

Weight of air and SO, from i lb. S 


Lb. 

- 16*04 

- 1*88 

= 17*92 


‘ 50 X 14 ‘X 17*92 — 12,544 1 ^* total weight of gas passing through 

system. 

Taking specific heat of gases as 0*23. 

Taking fall in temperature as 20° C. 

then 12,544 X 0*23 X 20 = 57 . 7 uo C.H.U. 

Thus the total heat generated in the absorption system is 200,000 • 
-\- 195,000 H- 254,200 1 - 57,700 -- 706,900 C.H.U. per hour per 50 lb. 

S charge. 

“3 

Dissipation ot heat generated in absorption sy8ten],--A portion of this 
heat will be lost by radiation from the towers and acid pipes. Experi- 
ments at Queen’s Ferry have shown this loss^to be approximately 5 per 
cent., say,'35,300 C.H.U. in this case. ' ’ 

' Acid leaving the system at 30° C. (2,050 lb.) and water entering at 
15“ C. (400 lb.) while theoretically helping to dissipate the heat of the 
system are so small in quantity as to be negligible ; so that the rest of 
the heat (706,900-35,300 = 671,600 C.H.U.) must be taken out by the 
acid coolers. 

Work thrown on acid coolers.— The surface area »of the cooling coil 

-- 800 feet X 2/3 feet,x it — 1,675 square feet. 

Therefore, heat Jo b« ifcmoved per square foot per hour* 

671,600 r TT tt 

= ' - 4 --- = 400 C.H.U. 

1.675 ^ 

This 'is for a 50 lb. ,cljarge, approximately equeu iw a, a ^ 

60-115? For a sulphur charge x* the work thrown on the cooler would . 
(400 X X) 

50 . ■ 
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Making 94 per cent. acid . — On a ^0 lb. chargt the amount of 98 per 
cent, to be bioken down would be 2,050 lb.'* r 

TOO lb. of 98 per cent, add plus 4 lb. HjO giving 104 lb, of 94 per 
cent. H2SO4 evolve 1,700 C.H.U. (from graph). ' 

Therefore, 2,050 lb ,oi 98 per cent, will generate C.H.U. 

In the mixing • tank there are eight cooling coils, 136, feet long, 

li inches diameter., so that surface area = 136 feet x 8 ,x Xw 
'• , ,24 

=•• 147 square feet. 

, The cooler will therefore have to remove — 

— = 82 C.H.U. per sqij.are feet per hour on 50 lb. 
100 X 427 • charges. 

Oleum unit. — In the oleum unit, the first pair of towers make 
oleuift (105 per cent.) and over the four back towers 98 per cent, is 
circulated, becoming 99 per cent, in so doing. Water is added to the 
99-98 per cent, cooler to break down the 99 per cent, acid 10 98 per 
cent. The absorption system is shown diagrammatically below : — 



Fir,. 34. 

Quantities of acid and SO^ involved . — Assuming a 50 lb. sulphur 
charge, the SOg absorbed per hour will be 1,630 lb. 

100 lb. 105 per cent, acid = 85*7 lb. SO, + i'4‘3 Ib. water. 


amount of water to be added per hour = 


_ i,/>30 X 14-3 


85-7 


— = 272 lb. , 


iq© lb. 99 per cent, acid = 8o-8 lb. SO3 + 19*2 lb. HjG. 
.Therefore, amount of SO3 absorbed in bac^ fpur towers 
, 80-8x2,72 TT.iiK 

i. 1^*2 ^ 

leaving 1,630 — 486 for the oleum towers. 
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The aipount of 99 per cent, acid mo\dng forward to front pair of 
towefs will Ive 1,144 + 272 = 1)416 lb. • , 

Heat contributing factors in the oleum towers. — fhe heat developed 
will depend on : — ’ * . » , 

(i) Condensation of gaseous to liquid SO3. ^ 

Solution of liquid SO3 to give oleum. ’ • 

(3) Heat given up by gases passing through the towers. 
This jvill be very small. At Queen's I^rry the fall in temperature 

' of the .gases ^s only about 2~ C., so that this heat effect can be 
^ignored. * 

Factors (i) and (2) are c'^culated below. 

(1) SO3 gas = SO3 liquid + 9,560 C.H.U. 

.-. 486 Ib. SO3 = ^ gg joo C.H.U. 

(2) This may be taken as three operations — 

(а) Resolution of 1,416 lb. 99 per cent, acid into water and 
monohydrate. The heat effect will be negative and equal in 
quantity to when water is added to monohydrate to give 99 per 
cent. acid. 

From the graph this works out at 7,000 C.H.U. 

(б) Solution of liquid SO3 in the resolved water to give 
H3SO4. 

HgO + SO3 (liquid) = 21,320. 

1,416 lb. 99 per cent, acid contains 14 lb. HjO. 


(» 


.•. heat effect = ^ X 21,320 = 16,400 C.H.U. 

lo 

^121 § 2 .= 62 lb. SO3 hydrated by 99 per cent. acid. 

18 • . . 

(c) Solution of SO3 in H3SO4 to give 105 per cent oleum. 

SO3 to be absorbed = 486 — 62 = 424 lb. 

I lb. SO3 absorbed in HjS04 to give oleum gives 21 C.H.U. 
.•.424 lb. SOa absorbed in H2SO4 to give oleum gives 
8,900 C.H.U. 

The sum of - (a) + [h] + (c) = 18,300 C.H.U. , 

The total heat evolved in the oleum absorption towers is therefore— 


• ^ ^6,400 C.H.U. * 

Dissipation of heaf evolved in oleum absorption ioie'ers.— This heat 
. dissipated by : — 

’ Oleum leaving the system, 
radiation losses. , 

the acid codler. * - ^ 

'The first two factors are small, accountmg for 5 per cent 

Df the heat,' so that approximately 72,000 will have to be removed by 

the cooler. 
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Work thrown on coo/«'.— Assumihg the cooler to be 512 feet long, 
as at Queen’s Ferry (= 800 sauare feet), tl;»e work will be : — * ^ 

' t * 

72,000 * • 

~8oo ~ C.H.U. per square feet per hour on 50 lb. charges. 

Heat-contributing factors in the 99-98 per cent, system. — The heat de- 
veloped here will depend on — 

(1) The water added to the cooler to break down the 99 per 

c€?nt. acid to 98 per cent. , 

(2) The condensation of gaseous to liquid SOs- , ‘ 

' {^) The solution of liquid SO3 in 98 per cent, acid to give 

99 per cdht. . ‘ 

(4) The heat given up by the gases passing through the 
absorption towers. 

(i) The amount of SO3 absorbed = 1,144^ lb. 

98 per cent, acid = 80 SO3 4- 20 H^O. 

99 per cent, acid =80-82 SO3 4-19-18 HjO; or 

80-82 X 20 - _ 

- f- g.lS =84-25 SOg +20 HjO. 

.'. to 100 lb. 98 per cent, acid must be added 
84-25 — 80 = 4-25 SO3 
in order to form 104-25 lb. 99 per cent. acid. 

. 104-25 X 1,144 


4-25 


= 28,000 lb. 99 per cent, acid will be formed. 


The heat evolved on breaking down 99 per cent, to 98 per cent, is 
500 C-H.U. for 100 lb. 99 per cent, acid (from the graph), or 505 C.H.U. 
for 100 lb. H2SO4 as 99 per cent. 


, 28,000 X 50^0 


100 


- = 140,000 C.H.U. 


(2) . SOj (gas) = SO3 (liquid) H- 9,560 C.H.U. 

9,560 X 1,144 = 136,700 C.H.U. for 1,144 lb. SO, 

(3) This may be taken as three operations : — 

, {a) Resolving 98 per cent. HgSOj into 99 per cent and water 

(6) Dissolving the SO3 in the resolved water to give H2SO4. 

(c) Breaking down the H2SO4 to 99 per cent, sulphuric acid. 

(a) This is negative and = — 505 C.H.U. for each 100 lb. H2SO4 as 
98 per cent, acid, i.e. — 

‘ 28,000 ~ 1,144 = 26,856 lb. 9?^ p^r cent. acid. 

^ = 26,300 lb. 100 per cent. H2SO4. 

' 26,300 X - 505 = — 133,000 C.H.U. 

. fb) HgO 4- SOg (liquid)‘= 21,320 C.H.U. 

2];320^X 272 ^ ^ 

fc) Calculating ^om the graph this is 7,600 C.H.U. 

' ~ -f- & + c =■ 196,00b C.H.U, 




---■ OLE*UM UNIT . 

' hJat generated in oleum system. 

AT * U towers) “ AT 

AVONViOUTH ^ . QUEEN’S FER5Y 


SO3 Gas to SO3 1 1 quid 

58,100 C,H.U, 


SO 3 gas to SO 3 hquid 
107,600 CH,U, ‘ 

Solution SOs 26,6fiO 

— f — 

From gases 5,300 


thro\^n on Steel Coolers, C.H.U, pe\Sq. per Hour 
Cooler *^612 f^x 6 'in - 800 Sq, /'f Avonmbuth 
Cooler = 280 Sq Ouiens Ferry. 


Avonmouth] 

— JO I 


Queen's Ferry 500 


IIEAT GENERATED IN 987o SYSTEM. 

avo/mouth ■ Effimsr 


WORK/THROWN 

ON 

COOLERS 

AT 


Adding 

Water Fred 
144.000 C.H.U. 


QUEEN’S FERRY 


AVON MOUTH 


SOagas toSOa liquid 
I 137. 000. C.H.U 


QUEEN’S I^ERRY 


Solution of 
SO 3 liquid 
182,500 CH.U 


rrom gases 
57,700 


Adding 30 Jo Feed 

*• SO3 gas to SO 3 liquid 
86, 230 


!}olution of SOsHquid 
123, 80p 


From gases* 

59. 500 

• f. 

Cooler » 1675 Sq. Avon mouth 

Cooler ^JZ20 Sq. Queen's Ferry * 

FIG. 35. 


» 5: I 


io9'*o.^a7eso 3,‘vi/e^a 


MAlk^ftSont.Uth. 










98 “/o ACID UNIT. 


HEAT GENERATED IN 
ABSORPTION SYSTEM 

AT , . 

. avonmouTh • 


HEAT GENERATED IH 

ABSORPTION SVSTEM 

AT 

QUEEN’S FERRY 



SOa gas to SOs liquid 
195,000 C.H .U. 


SOs gas to SOs liquid 
194.000 C.H.U. 


Solution of SOs liquid 
254, 200 


Heat from Gases * 
51,700 



Solution of SOs liquid 
286,000 


Heat from Gases 
59.500 



Work Thrpwn on Cast 'iron Coolers. 

perSq foot per Hour ir C.H.U. Coo/cr - IG7S Sq. F*- Avonmouth. 

f ‘ 

^ Cboler^ * 12 20 Sq. Quetn*s Ferry. 


Avonmouth 410 


Queen's Ferry 440 * 


FIG. 36. 
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(4) Assunua^ fall in temperature of gases is 20“ C., then the heat 
giv^ out^vdll be the same aB m ^9-98 unit, viz., 

/ , 57.700 C.H.U. 

The total heat generated in the system .will therefore be 
• 140,000 + 133,000 + 170,000 + 57,700 *=^2^,700 C.H.U. • 

, Dissipation of heat generated in the system. — A* portion of this hegt 
will be dissipated by radiation (say, 5 per cent.), leaving the remainder, 
500^300, to be taken by the acid cooler. , * 

The gurface ai;ea of the cooler (as in 98 per cent, unit) 

= 1675 square feet, 
work thrown on coqler is 


50 0.300 

1675 


9 

= 300 C.IJ.U. per square foot per hour per 50 Ib.charge. 


Oompaiisons between Queen’s Ferry and Avonmonfh plants.— The heat effect 
i» the Queen’s Ferry absorption system, where, approximately, 90 per cent, 
♦acid is used as feed instead of water, has been previously calculated. 

The figures there were based on a 60 lb. charge, which is, 
approximately, equal to Avonmouth 50 lb. charge. The results of the 
comparison. Doth of the heat evolved and the work thrown on the 
coolers, are shown in graphical form on Figs. 35 and 36. 

' From these it will be seen that : — 

(1) The extra heat developed at Avonmouth due to water 
feed is counterbalanced by the extra length of cooler, so \hat in , 
the 98 per cent, (or 94 per cent.) unit, approximately, the same 
work is thrown on the cooler (400 C.H.U.) . 

(2) In making oleum at Avonmouth a greater proportion of 
heat is developed in the 98 per cent, system than at Queen’s 
Ferry. 

This and the heat due to wa*ter feed causes a diffei^nce in the work 
thrown on the coolers; giving 90 C.H.U. to the oleum and 300 C.H.U. 
to the 98 per cent, cooler. 


Plant for breaking down oleum or strong sulphuric acid 

BY MEANS OF WATER 

It is often necessary to dilute oleum or strong sulphuric acid with 
water. , • 

Ow ing to the Ihrge amount of heat evolved and violence of the 

reaction, special precautions have to be taken to remove ^he heat and 

pretent undue corrosion of the plant. , / , j 

The •following arrangement is the result of many trials and y^orked 

well'.^ # * . ^ 

Oleum is fed from the storage tank* into a feed pox, 10 mches x 
lA inches. X i<; inches dfeeo. made of cast-iron ^d divided diagonally 
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into two compartments by a cast-iron J inch plate, punched diagonally 
with /,j inch holes. This ensures a colistant quantity being fed into the 
plant; each hole corresponds. to a given .amount of oleum. ,*From*the 
feed box the oleunft is fed by a inch cast-iron pipe through a 
cast-iron sight box, as a .further aid to constant feed, and then by a 
inch cast-iron pipe 'into the mixing pot (Fig. 37). « 

This was a cast,-iron pipe, 18 inches internal diameter, 4 feet long. 
It is blank flanged pt both ends and stands vertical. The top'blank was 
bored to ^tako the i| ;nch inlet pipes for oleum and water, and also to 
allow a 5 inch cast-iron pipe, 8 feet long, to be erected as a* miniature 
fume main for the pot. The; bottom blank flange war, tapped .to take a 
2^ Inch cast-jroq pipe as an outlet for the acid. The whole of the inside 
of the pot was lined with a thin layer of " obsidianite ” acid-prool brick, 
using volvic and asbestos powder (equal paAs) and silicate of soda and 
water (4 to 1) as a jointing material. Water is'ied to the mixing pot 
just in the same way as the oleum is fed, whli the exception that the 
feed box in this case is of lead, but otherwise identical with that 
described abo\ e. 'I'lie outlet for the acid rises on leaving the bpttom pf 
the pot, so that the mixing jiot is always kept half full of acid. The 
outlet pipe then descends and enters the cooler. At the point where* 
the outlet pipe ceases to ascend and commences to descend into a pooler, 
a I inch cast-iron pipe, 2 feet high, is tapped into the pip,e to act as a 
“ vent-pipe ” to avoid air blocks. Both the water and oleum feeds to 
the mixing ])ot linish underneath the constant level of the acid in the. 
pot. These feeds leave the sight boxes as inch cast-iron pipes, but 
change, on entering the mixing pot, to earthenware. Thus, by using 
* earthenware pipes and acid-proof lining, corrosion is reduced to a 
minimum. 


The coolers (Figs. 38, 39, 40) . ' 

The coolers consist essentially of 48, 9 foot lengths of 6 inch 
cast-iron tubing, arranged in four columns, each column containing six 
18 foot (two 9 foot lengths^ lengths one above the other. The cooler is 
thus 432 feet long apart from the bends. It is arranged in two halyes 
joined by a 2I inch cast-iron pipe fitted with a T piece and valve, so 
that if at any time one of the lengths require renewal, a hand pump can 
be attached to the valve and the cooler drained of acid. The acid flows 
down one half through the 2I inch connecting pipe and up the other 
half, finally being discharged tlirough a 2I inch outlet pipe into a stock 
' tank. This discharge pipe is higher than the cooler, in order to keep 
the latter continually full of acid to prevent corrosion. The stock tank 
is a circular 'mild steel reservoir as used in the -Mannheim plant. From 
this tank a inch centrifugal pumr lifts the product, 94 per cent, acid, 
to the storagfc tank . '' ^ ' 

Th‘e water is sprayed on, to the top of the four columiis^of piping. 
Thus; in the first half, we have the hottest* acid meeting the coolest 
‘ water. Unscientific as this iqay seem, 'it could hot be avoided owmg to 
the difficulty of head required to keep the cooler full and still keep the 

flow sufficient to meeV' demands. In the second half of the cooler the 
•» * 











breaking ©own " OLEUM 
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TO xnai'WMua acid meets wann water and cooling efigciencV 
to^e of a much higHer standard. • . ® \ 

whple of the piping is of standard lengths, which makes the 
^ .s»on ot renewals an easy one to face. 

^ Pitchpme boards are placed vertically ’bei.ween the pipes to aid 
watet* distnbution. . ft' vw 

. . stands on a base of acid-proof brick with sulphur 

jomtmgs. This floor is edged on three sides wifh two courses of aad- 

, ^ fall to the drain which flowfi along the 

fourth side. ® 


„ plant wdl break down sufficient oleum to provide feed acid for 
all ioijir units on a 90 lb. .chaige. » • 

The pl^t was designed upon the following calculations : — Burning 
90 lb. sulphur per burner per hour and assuming a 90 per cent, 
conversion, the feed acijl of ()4 per cent, required to absorb the SO, 
produced per unit of 12 burners per hour is i • 79 ton^^. For fouf Grillo 
units this will be 7* 16 tons per hour. Ihe heat rise when oleum is mixed 
with water to give 94 per cent, acid is taken as 150'^ C. A 6 inch cast- 
iron pipe of the type in us(.‘ when wat(T cooled will give up to the water 
1,000 C.H.U. pel square foot per hour, (alculafions are made to give 
the resulting acid at 25" C. A 6 inch iron pipe has a circumference of 

19 inches, i.e. “ feet. 

y • TO 


C.H.U. per hour produced sp. heat of 94 per cent, acid x lb. 
94 per cent, acid x temperature differential 

= -37 X (7-16 X 2240) X (150 - 25) 742000. 


Number square feet cooling surface required = 


Number of feet run of pipe required = ^ 7 ' X 125 x 12 

1000 X 19 

= 468 feet. 


Heat evolved in breaking down oleum 
We have to consider — 

(i) Heat absorbed in resolution of 20 per cent, oleum into H2SO4 
and SO3. , 

H2SO4 -)- SO3 r ^5 per cent, oleum + 2,700 C.H.¥. 

98 -f- 8oTb. 178 lb. 

* ^ (2)* Hejit evolved in conversion of free SO3 to fl2S04. * 

^Og -f H2O - H2SO4 + 21,300 G.H.U. 

•, 80 + 18 ^93 lb. . ^ 

(3) Heat evolved “in^ dilution of H2SO4 (100 per cent.) to sulphuric 
acid 94 per cent. 



t20 


GRILLO PROCESS 

‘if 


(1) This factor-is small compared rnth (2) and (3). 

20 per cent, oleum = 98 lb. H2SO4.+ 24-5 lb. SOs ^ 

45 p'er cent, bleum = 98 lb. H2SO4 + 80 lb. SOg 2,700 C.H.U. . 

*' 2700 

. .•. a; may ^)e taken as approx. — 830 C.H.U. 

' . . (This value is negative.) 

(2) 100 lb. 20 per cent, oleum — 80 lb. H.2S()4 + 20 lb. SOg. 

100 lb. oleum + 4 5 hjO = 104-5 lb. HjSO, + 5,33Q t.H.U.' 

^ 5330J 

ft 

formation of 98 lb. monohydrate gives 

98A_5330 ^ H.U. *' 

104-5 ^ 

(3) (H2SO4, n HgO) - ^^7983 . 

dilution. 

98 lb. H2SO4 + 6-2 lb. HgO = 104-2 lb. 94 per cent, add + H. 

6-2 

From equation, ^ = Tg ~ 0-344. 


. 0-344 X 17860 

Then heat of dilution = j . 7983 

H = 2,870 C.H.U. 

Combining (i), (2) and (3) we get (to produce 104-2 lb. 94 pei cent. • 
acid from 20 per c(«it. oleum and water) : 

122-5 16. oleum split into HjjS()4 and SO3 830 C.H.U. 

93-78 lb. okum split into 112^04 and SO^ 635 C.H.U. 

but 93-78 oleum yield 98 lb. monohydrate. 

.-. In formation of 98 lb. monohydrate from 20 per cent, oleum heat 
evolved = 5>ooo -- 635 = 4-365 C.H.U. 

Heat evolved in diluting 98 lb. monohydrate to 104-2 lb. 

<94 per cent, acid =-2,870 C.H.U. 

Total heat evolved in formation of 104-2 lb. 94 per cent. = 4,365 

+ 2870 = 7235 or =69-4 C^.U. per lb. 0^94 per cent, acid 

■* I XCT^- * 2 ^ o 

formed.- 
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calculatiws and graph have been found useful k 
ascertanung the heats of dilution of different strengths of sulphuric acid. 

Tlie observed values of the heat of dilution of sulphuric acid agret 
fairly well with the equation proposed by Julius Tiiomsen 

(j\ j * u' X X 

. . , . ~ ^ -I- 1-798 

in which H is the number of gram calories evolved wh^n x gran 
mokculel of water are added to one gram molecule of pure sulphuric 

'• ^or practical purposes it is more coinenient to transform the above 
mto an equation giving the Heat H", which is evoh ed when y gram oi 
water are added to log grams of H, SO,. From equation (i) H' is the 
heat evolved by the addition of i8 .r grams oi water to 98 grams of 


Hence H' = H' and y 
98 

• 98 y. 

"" 1800 

The equation for H" is therefore- 

I 

H" = V _ 


H' and 


17860 X qSy 
1800 

98y , 


(,) H'= calories. 

, A more general case is that in which grams of water are added to 
100 grams of an acid consisting of .v grams of wat^r to (100 — x) grams 
of HjSO,. The heat evolved in this reaction is clearly the difference 
between the heats evolved when* {x 1 z) grams and x grams respectively 
are added to (100 ■ x) grams of HjjSO,. * ’ 

• In order to apply equation (2), which may conveniently be written 
in the form : 

u"- 

it must be noticed that we start with an acid of the composition oi 


(100 — x) 


grams of water to 100 grams of HavSO,, and finish with acid ol 


if+i 


the composition of ^0 Srams of H2SO4. 

Ifejice If wg were dealing with 100 grams of H2SO4, the heat of dilution 


would be— 

• • 


ioo« ^ + 4 


loob z) -{■ c 
fTOO — k ) 


100 ax 
(i^ - x) 
loobx + c 
(100 — *) * 
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In reality, however, we are dealir^g with only (loo — x) grams of 
H2SO4, so that the actual heat v>f dilution, ri is given by the equation — 


or 


H 


H 


(100 


- i 


100a {x + z) 
(loo — x) 


100 ax > 


ibo ' ‘j 100b {x +2) c loohx -|- c { 




(100 — x) 
10002 (100 


(100 — x) ( 
loobx -\- c 
(100 — x) ■ 


x)^ 


(loobx + c (loft - x) {loobx -t- c (100 ■— x) loobz) 


^Putting in the values of a, h and c respectively as 'given in 
equation (2) and -simplifying we have finally 

, 10002 (100 x)^ 

(3) H 


or H = 


(2-029% I- 100) (3-676% + 5-4872 -1* 181-2) 

« 

10002 (100 - %)“ 

Q (2 - 029% - 1- 1 00) 


where Q = (3 ’ 676% + 5 • 4872 + 181 • 2) . 

If the reacting quantities are given in grams, H will be expressed in 
gram calories, whilst if the reacting quantities are in lb.,,H will 'be in 
lb. -centigrade units (C.H.U.). 


Construction of graphs for solving the general equation for H. — The most * 
convenient type of graph for solving this equation is the “ alignment 
chart.”. Two graphs will be necessary : — 


Fig. 41 for solving the equation : 

Q = (3-676% + 5-487-^ + 181-2) 

and second. Fig. 42, with logarithmic scales, for solving the equation :* 

10002 /(%) 

-qT- 


H = 


in which 


fU) ^ (»°° - »)’ 

' (2-029% + ^00)- 


In Fig. 41 the same unit of length, say, a millimetre, may be used 
on both the % and 2 axes. The Q axis will, therefore, be midway between 
the % and 2 axes, an(l the unit of length will be half the unit on % or 2. 
On the % axis, plot % as 3-676%, and on the 2 axis, plot 2 as 5-4872. On 
the Q axis, plot as (Q — 181-2). ^ * 

In Fig. 42 the scales are logarithmic. On th^'’% axis % is plotted 
as log/(%). On the several axes th/unit of the length chosen, ray the ' 
millimeb-e, has the following value in terms of the logarithm* : 

On the % axis 0-093, 

on the ^ axis • ' 0-002* 
on the z axis 0-006 ‘ 

On the H axis o-pii. 
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'r * * 

The distance bf the support Qd from the Q and z axes, 
respectively, must therefore be as 3 to r, and the distance of the H axis* 
from the. CD, and the x axfes, respectively, mus^ be as 3 to 8. The 
actud position of the unit point (zero of the logarithm) on the Q, z or 
X axis i& immaterial. The position of 'the u'nib.pqnt on the H axis is 
found graphically by solving special examples’, the position of thfi scale 
of H beipg. adjusted to agree with the points so found. The following 
exapiples may be used ‘ * 


X 

z 

Q 

'= H 

logH-3 

10 

10 

272-9 

2467 

-3Q'?2 

20 

20 

364-4 

2502 

-3983 

30 


456-1 

2003 

-3017 

10 

20 

327-7 

4110 

■6138 


» 

A transparent straight-edge of glass or celluloid or a stretched 
thread may be used for reading the graphs. 
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Humidity of air, and allied data 

Pariial pressures of water vapour and air. 

# 

Weight of water per unit volume of air at various temperatures a,nd degrels 

of humidity. 


Weight of water required to saturate unit volume of air at various 
tempertures and initial degrees of humidity. 

Weight of water per unit weigfk of air. 

Heat absorbed by evaporation of water. 


Section I. 

Partial pressures of water vapour and air and weight of water 
per unit volume of air. 


Table I. 


Partial pressure in atmospheres of water vapour in air at various degrees 
of humidity or percentages of saturation at various temperatures, the total 

pressure being i atm. 


o 

H 

• 

• 

Degree of Humidity or Percentage of Saturation. 

1 

10 % 

20 % 

30 % 

40% 

50% 

0 

vO 

70% 

80% 

90% 

100 % 

o' 

•001 

•J)0I 

•002 

•002 

•003 

•004 

•004 

•005 

•005 

•0061 

5 ° 

•001 

•002 

•003 

•004 

•005 

•005 

■006 

•007 

•008 

•0085 

10® 

•001 

•002 

•004 

•005 

•006 

•007 

•o®8 

•010 

•on 

•0121 

15° 

t 002 

•003 

•005 

•007 

•009 

•Olf 

,'012 

•014 

•015 

•0168 

20® 

•002 1 

•005 

•007 

•OOQ 

d 012 

•014 

•oi(r 

•018 

•021 

•0230 

25° 

^003 

•qd6 

•009 

•012 

/•016 

•019 

•022 

•025 

•028 1 

•03 V 


•004 

•008 

•013 

•017 

•021 

•025 

•029 

•034 

*038 

•0^17 

35 

•006 

•on 

•017 

r022 

•028 

•033 

•039 

•044 

•osp 

•0553 

40“ 

•007 

•015 

•022 

•029 

•037 

•044, 

¥051 

•058 



45 °' 

•009 

•019 

•028 

•038 

••4? 

•056 

^ d 66 

•075 

•085 

4)944 

50° 

1 

• 012 ^ 

•024 i 

•036 

• *048 

•061 

•073 

•085 

•097 

•109 

•1214 
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^ , Table II. 

Partial presswes in atmospheres of the net dry air fn moist ^air of various 
degrees of humidity or percentages of saturation M various temperatures, 
the total pressure being i afm . , 

.• Degree of Humidity or Percentage pf Saturation. , 


°c. 

10 % 

20 % 

30 % 

40 % 

50 % 

•60 % 

70 % 

80% 

90 

100 % 

•0" 

-999 

•999 

-998 

-998 

*997 

•996 

•996 

•995’ 

•995 

■994 

5” 

■999 

-998 

•997 

•996 

•995 

•995 

-994 

*993 

*992 

•991 

10° 

*999 

-998 

-996 

*995 

•994 

•993 

•992 

■990 

•989 

•988 

15° 

-998 

-9<)7 

#■995 

*993 

-991 

•990 

•988 

•986 

•985 

•983 

20° 

-998 

•995 

•993 

*991 

-988 

•986 

•984 

•982 

•979 

•977 

?5“ 

-997 

-994 

-991 

•988 

-984 

•981 

•978 

■975 

■972 

•969 

so" 

-996 

•992 

-987 

*9«3 

-979 

•975 

•971 

•966 

•962 

•958 

35^ 

-994 

-989 

•983 

•978 

-972 

■9^7 

•961 

•9.5(> 

•9.50 

•946 

40° 

•993 

■985 

-978 

•971 

-9f)3 

‘95^ 

‘949 

•942 

•934 

•927 

45° 

-991 

•g8i 

-972 

*962 

•953 

*944 

*934 

■925 

•915 

•906 

‘50° 

-988 

-976 

-964 

•952 

•939 

*927 

•915 

•903 

•891 

•879 


Table III. 


Pounds of water contained in i,ooo cubic feet of moist air at various 
degrees of humidity or percentages of saturation at various temperatures. 
The values are obtained from the equation — 

W = 

, ’ 359 X (273 + 1 ) 

W being the weight required ; p the partial pressu;'e of the water vapour 
in atmosphere; 18-03 the molecular weight of water and 359 the lb. 
molecular volume of a gas at»n.t.p. in cubic feet. (The values of W 
do not vary sei^1^_w^^ie total pressure of th^r)" 

Degree of Humidity or Percentage of Saturation. 

Temp. __ 

“C. " 

10 % 20 % 30 % 40 % 50 % 60 % 70 % 


0-030 o-o6i o-ogi 0-122 0-152 0-182 0-213 
0-042 0*084 ^-126 0-168 0-210 0-252 0-293 
0-059^-1]^ ^-176 0-234 <’•293 0-352, 0-410 
0-080 0-160 0-240 o-3» 0-400 0-480 0-560 
26° 0-108 0-216 0-323 0-431 0-539 0-646 0-754 

25° * 0-144 0-287 0-430 0-574 0-718 0-861 1-004 

30^ 0-189 0-377 0-566 0-755 0-94*4 1-133 1-322 

35° 0-246 0-4^3 *0-739 B-g85 1-232 1-478 1-754 

40° 0-318 0-636 0-953 1-271 1-589 1-907 2-225 

45° 0-407 0-815 1-222 i-’630 2-037 2-445 2-850- 

50°* 0-516 1-031 V547 2-062 2-578 3’095'|*3^o 



80% 

90% 

100 % 

0*243 

0-274 

/ 

0-304 

0*33^ 

£>•377 

0-419 

0-469 

0-528 

0-586 

0-640 

0-720 

0-800 

o-8G«2 

0-970 

1-078 

1*149 

1-291 

1-^6 

1*510 

1-700; 

, 1-888' 

1-890 

2-215 

2-463# 

2-540 

2-860 

3-178 

3 ‘<26,0 

3^665 

4-074 

4-120 

4-645 

9 

5-155 


lasu 

t 
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Table IV.* , 

• * ’ 

Pounds of water required to saturate i,ooo culHc feet of air oj given initial 
humidity or percentage of saturation at a given constant temperature, the 
total^prmure’heing kept at i atm. 


- • Initial Degree of Humidity or Percentage of Saturation. 

Temp. 


*■ o” C. , 

0 % 

10 % 

20 % 

1 

30 

40 j 

50 

60 o,;, 

1 ! 

70 % 

$ 

80 %• 

t 

90% * 

• 

0° 

1 

0 • 306 1 

1 

0-276 

0-244 

0-214 

j 

0-183 

0-152 

1 

•0-122 

0-091 

o-o6i 

• 

€^030 

5 ’ 

0-423 

O' 380 

^>■337 

0-295 

0-252 

0-210 

o-i68 

0-126 

0-084 

0-042 • 

10° 

0-504 

f ^’533 

0-474 

0-414 

o-.m 

0-295 

0-231 

0-177 

0-117 

0*058 

15 ° 

0-814 

<^*731 

0-650 

0-567 

0-485 

0-404 

41-322 

0-241 

0-161 

o-o8o 

20°. 

0-102 

0-991 

0-878 

0 - 767 

0-656 

o -,545 

0-436 

0-326 

0-217 

o*io8 

25 ° 

1 -481 

i* 33 ^‘ 

1-178 

1-028 

0-879 

0-729 

0-582 

0-436 

0*289 

o;i 45 

30 ° 

1-970 

1 • 768 

i‘ 5 tM 

i- 3(>3 

1-162 

o-()f )5 

0 • 769 

0-575 

0-381 

o-i8q 

35 ° 

2 *003 

2-328 

2-060 

1-791 

1-528 

1-266 

I • 007 

0-750 

‘>•579 

‘0-249 

40 ° 

3'420 

3-064 

2-702 

2 -.546 

1-997 

1-650 

I -311 

0-975. 

0-648 

0*320 

45 ° 

4 •405 

4-010 

3-528 

3-058 

2-596 

2 - 140 

1-698 

1-262 

0-831 

0*413 

50 “ 

5 -860 

5-210 

4-580 

3 -‘As 

3 -.H 6 

2754 

2-172 

1-608 

1 

1-062 

• 

0*^17 


The figures in Table IV. are obtained as follows. The values for 
the amount of water required to saturate i,ooo cubic feet of unsaturated 
air of given initial humidity at a given constant temperature at constant 
volume are found from Table III. by subtracting from the value 
corresponding to loo per cent, saturation at the given temperature, the 
amount corresponding to the given initial percentage of saturation at 
the same temperature. In practice, however, saturation will, as a rujp, 
take place under the constant total pressure of i atm. instead of at 
constant volume. As*the amount of water in saturated air at a given 
temperature depends on the volume oijly, irrespective of the partial 
pressure of the air itself, a ‘correction must be applied to the above 
results to allow for the expansion accompanying saturation. The 
volumes before and after saturation at the given temperature, the total 
pressure remaining i atm., will be to each other in the inverse ratio of 
the ’corresponding partial pressures of the net dry air present. These 
partial pressures are given in Table II. To obtain the figures in 
Table IV. the differences obtained from Table III., as described above, 
are, therefore, multiplied by the initial partial pres.sure of the net dry 
air and divided by the partial pressure corresponding to saturation. 

Water required to saturate air when the *tempofUture rises. — This 
condition arise|, for oxample, in the/ cooling of water by evapofation 
intq a current of air which is initially cooler than the water. ‘As before, 
it A^l be assumed that the total pressure remains i atm. *^< 

kit. ti be the initial /emperature of tha atir. ♦' 

#2 be the final temperature W the air. 

W be the lbs. of ji/ater per i,ooo cubip ‘feet of original, air at 
ttemperature\. « • * _ ' 
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W be the lbs. “of wat^er par 1,000 cubic foot jof ay saturated at 

• temperature fj. * ' 

p be» the^ partial pressure of the net dry air in the original air 

'assumed to have been warmed from to ig out of contact 

•with water. * * . • « 

1* be the partial pressure of the net dry air in air saturated a! 

^ • » “ 

I Starting with 1,000 cubic feet of air at ii contadiing w lbs. of water^ 

suppose the temperature to be raised from to»<2 out of contact with 
w^ter. The volume will now be ; • 

♦ * 1000 X (273 + ig)/(273+ti) cubic feet 

or * * . 1000 Tj/Tj cubic feet ; * 

if Tj and Tj are tl^e corresponding absolute temperatures, and the 
amount of water in i,ooo^cubic feet at will be — 

T,/Tj lb. 

As explained above, to saturate i,ooo cubic feet of air at 
ffemper^ture containing, initially, m Tj/Tj lbs. of water, we require — 

(W — w Tj/rj) X pjV lb. of water. 

Hence to saturate 1,000 TJTi cubic feet at #3 we require in all — 

(W - re/ Tj/Tj) x lb. of water. 

This operation may be simplified by using the tables. Thus by 
inspection of, or, if necessary, interpolation from Table III. we fifid that 
Vi T1/T2 lb. of water in 1,000 cubic feet of moist air at corresponds 
to some percentage of saturation h. By inspection of Table IV. we find 
at once the amount of water required to saturate 1,000 cubic feet of air 
‘of fhitial percentage of saturation h at .This amount, which is : 

(W - re/ Tj/Tj) x pjV 

in the above expression, when multiplied by-Tj/Tj gives the answer. 

^ Example. — Given 1,000 cubic feet of air measured at 10° C. and 
1 atm., the degree of humidity or percentage of saturation of which at 
lo° is 70 per cent., how much water will be required to saturate this ^ir 
at 45° C. and a total pressure of 1 atm., allowing for the increase of 
volume due to rise of temperature and evaporation of the water ? 

By inspection of Table III. we see that i,oqp cubic feet of air. 
70 per cent, saturated at 10° C. contain 0-410 lbs. of water. If this air 
be headed to 45“ C. x)ut of contact with water, the volume will be 
increased to — ,, » •* 

1000 X 318/283 = i|i 24 cubic feet;, 
an 3 ,the*quaiitity of water per 1,000 cubic feet will be— 

» ' •• 0-410 x^ 283/318 = o-365*lb. 

Prom Table III. if is seen tlTat at 46° C. 0-36*5 lb. of water per 
1,000 cubic feet corresponds with about 9 per cent, saturation; and by 
interoolation from Table IV. that tn saturate t fiho/cH'hir. fget ®f air of 
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9 per cent, initial percentage of saturation at 45°, lilie water required is ^ 
»4*058 lb. Hence, fo saturate the whole of 'the air, of which tjie initial 
volume at 45° in 1,124 cubic feet we requi»e in all ; — 

4-050 X 318/283 = 4-56 lb. of water. 

4 n inspection M '^'IVAle III. shows that the amount 'of ,watei 
evaporated will be small if the initial temperature of the air is above 
thtt of the water, even if the initial humidity of the air is as low as 
■50 per cent. ‘ ^ * 

..Section II. 

Weight of Xk'atcr for unit weight of air. — For tables giving Ib.,of water 
required to saturate- 1,000 lb. of dry and moist air (or grams of v\{ater 
per kilogram of air) at various temperatures and pressure; also tapour 
pressure, demsity and specilic volume of saturated water vapour see - ' 

Landolt and Hoernstein’s Tabellen, p^ges 368 and 369. 

' Kent’s Mechanical Engineers’ Pocket Book, 9th Ed., pages 577 
and 610 to 613. 

For tables giving quantities of air at various temperatures and 
humidities required for a cooling tower, see : — . , 

Kent’s Pocket Book, pages 1080 and 1081. 

The following table may be useful : 


Table V. 

Lb. of water required to saturate 1,000 lb. of dry air at i atm. total 
*■ pressure and various temperatures. 


Temp, C. - - I 5"" 

Lb. of water - - 2-6 


0 ° 

5" 

10" 

i 5 ‘’ 

200 

^ 5 ° 

3 -^ 

5-3 

7-7 

10.7 

14*8 

20-5 


Section Jll. 

'' Heat absorbed by evaporation of water. 

Table VI. 

Latent heat of evaporation of xu'ater from Smith's formula — 
L = 597 ’2 - 0-580/ C.H.U. per lb. 


t°C. 

0” 

1 

5 " 

1 J 

lo" 

1 

15’ 

20" 

! 

1 

JO" J 5 “ 

40" 

ts'’ 

30" 

L 

597 

f 

.‘594 

591 1 

' 1 

5S8 

I 

5«5 

582 

.“iSo le.‘i 77 

574 


568 


Specific heat of air. 
0-237 e.Pi.U. per lb. per i° C. 
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